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Viruses of the recently discovered RI 
family(1-4) which includes agents designated 
APC(5-8) or ARD(9) may cause undifferen- 
tiated acute respiratory disease (ARD) (10), 
non-Streptococcal exudative pharyngitis(11), 
primary atypical pneumonia unassociated 
with cold agglutinins(11), pharyngo-con- 
- junctival fever(5-7), mesenteric lymphade- 
nitis(12) or inapparent infections(2,4) in 
man. ‘These viruses are heterogeneous anti- 


* The majority of these observations were pre- 
sented at 39th annual meeting of Am. Assn. of 
Immunologists, San Francisco, Apr. 11-15, 1955. 


genically(1,6,7,13) comprising a group of dis- 
tinct serotvpes(6,7) which are readily dif- 
ferentiable by the serum neutralization tech- 
nic; however, they also elaborate a common 
group-specific ‘‘soluble’” complement-fixing 
antigen which is readily separable from the 
virus(7,14,15) and which appears to be of 
little if any significance in immunity to RI 
disease(2,4). The seemingly ubiquitous dis- 
tribution of RI agents not only in patients 
who are sick but also in latent or “masked” 
form in human adenoid or tonsil tissue(6,7, 
16) poses the problem of determining which 
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serotypes are the more important in causing 
respiratory illness and which are less fre- 
quently associated with human disease. The 


present paper summarizes the results of a* 


study to determine the occurrence of the RI 
virus types in epidemics of acute respiratory 
ilmess among newly recruited soldiers in 
training. The antigenic grouping of the RI 
viruses based on tests with serum pairs from 
patients is also presented. Additionally, in- 
formation concerning the serological response 
to homologous and heterologous virus sero- 
types in natural and experimental infections 
in man is summarized. 


Materials and methods. Clinical. The pa- 
tients with acute respiratory illness from 
whom blood samples and throat washings 
were obtained were U.S. Army personnel sta- 
tioned at Fort Dix, N. J., Fort Leonard 
Wood, Mo. or Fort Ord, Calif.t during the 
winter of 1953, 1954 or 1955 when there was 
a high prevalence of infection with the RI 
viruses. Other articles(1-4,17) describe 
these epidemics. Sera were also available 
from volunteers who had been inoculated ex- 
perimentally with the RI-67 strain of virus 
(18). Laboratory. Virus isolation. The 
methods employed for recovery of viruses 
from patients’ throat washings, for propagat- 
ing these agents, and for preparing comple- 
ment-fixing (CF) antigens in HeLa(19) cell 
tissue culturest were described earlier(1). 
Antigenic typing of strains. The recovered 
viruses were typed by the serum neutraliza- 
tion procedure(1) in HeLa cell cultures em- 
ploying specific rabbit antisera according to 
the classification systemS of Rowe et al.(7). 
Seed virus stocks used to immunize rabbits or 


+ We are indebted to Lt. Col. T. O. Berge for 
supplying the 5 strains of virus recovered from pa- 
tients at Fort Ord, and to Lt. Col. Berge, Lt. Col. 
H. E. Shuey, Col. L. G. Thomas, Dr. E. H. Lennette, 
and Capt. J. J. McCue for the serum specimens from 
this location. 

+ HeLa cell cultures and tissue culture fluids em- 
ployed were obtained from Microbiological Asso- 
ciates, Inc., Bethesda, Md. 

§ Prototype 1, 2, 3 (strain GB), 5 and 6 viruses 
were obtained from Dr. R. J. Huebner and type 7 
virus, recently described by Berge et al.(20) was sup- 
plied by Lt. Col. T. O. Berge. 
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employed in the neutralization tests were pre- 
pared in HeLa cell tissue cultures. Neither 
antiviral antisera nor antisera prepared in 
rabbits against uninfected HeLa culture ma- 
terial had a demonstrable adverse effect upon 
the cells in the tissue cultures when tested at 
a dilution of 1:4. Serology. Serum neutral- 
ization and CF tests with the RI viruses and 
patients’ sera were performed according to 
procedures outlined(1) for use with the RI- 
67 strain. Serum titers were expressed as the 
greatest initial dilution of patient’s serum 
which caused complete or nearly complete 
suppression of viral growth (neutralization) 
or of fixation of complement. In the neutral- 
ization tests presented in Table I, one serum 
pair was tested with all 11 viruses on one day. 
The same seed virus stocks were employed 
throughout. 


Results. Determination of viruses impor- 
tant in recruit disease and antigenic grouping 
of strains. The acute and convalescent sera 
from 20 soldiers with undifferentiated acute 
respiratory disease (ARD) or primary atypi- 
cal pneumonia of RI etiology as proved by 
results of CF tests were examined for increase 
in neutralizing antibody against 11 RI virus 
strains which had been isolated from patients 
suffering with these illnesses and also against 
types 1, 2, 5 and 6 of the latent viruses re- 
covered by Rowe, Huebner e¢ a/. from human 
adenoid or tonsil tissue. The findings, pre- 
sented in interpretive form in Table I, express 
in terms of numerical designations the rela- 
tive fold-increase in serum titer of each serum 
pair against each virus. In the tests, each 
convalescent serum showed a 32-fold or 
greater rise in titer for at least 1 virus of the 
group. It is seen in the table that by far 
the greatest increase in antibody was against 
the viruses which were recovered from sol- 
diers who were ill with respiratory disease. 
By contrast, the serological response to the 
types 1, 2, 5 and 6 latent viruses was notably 
weak or absent. Thus, these particular latent 
agents did not appear to be of etiological sig- 
nificance in the illnesses among the military 
population in this study. Further, they were 
of little importance in the studies of others 
(9) who have examined military populations. 
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TABLE II. Interpretive Summary of CF Test Results in Paired Sera from Patients with RI Infection. | 
(The system for designation is explained in Table I.) 

————————————— eee 


Sera from 
RI patient Group A-Type 4 


Increase in complement-fixing antibody against RI strains 
Group B-Type 7——, Group C-Type 3 


ADR 9 re T5 T6 


No. 67 C-1 4-202 4-239 4-204 4-218 3-110 GB AD-71 AD-6 AD-75 TD-99 | 

4-245 4 5 5 5 5) 5 5 5 5 5 5 
306 5 5 5 5 5 5 5 § 5 5 5 i) 
354 5 5 5 5 4 5 

4-488 4 4 4 5 5 5 4 4 4 4 5 5 
202 5 5 5 5 5) 5) 5 5 4 4 4 4 
239 3 3 4 4 5 4 5 5 2 2 0 2 

4-233 5 5 5 5 5 5 5 5 5 4 5 4 

3- 57 4 5 4 4 4 4 4 3 3 2 5 4 

4-237 i) 5 5 5 5 5 5 5 5 4 5 5 
353 3 4 4 5 5 4 5 5 3 3 4 3 
134 5 5 4 5 4 5 5 5 5) 5 5 5 
Sl eaitiy es 


Table I also showed that the viruses recov- 
ered from patients with respiratory disease 
were antigenically heterogeneous. Neverthe- 
less, the strains could be divided into 3 sepa- 
rate groups, designated A, B or C in Table I, 
based on the reaction with the paired sera 
from the patients. The first 7 pairs of sera 
listed showed a sharp rise in titer (designated 
5) against the group A strains but little or 
none against the B or C agents. Conversely, 
the next 7 pairs of sera listed in Table I 
usually presented a marked increase in anti- 
body against the B but not against the A or 
C viruses. The last 6 pairs of sera gave 
strong rises against the C viruses, and also 
against either the A or B strains or both. 
Subsequent typing of these agents with mono- 
typic rabbit antisera demonstrated all of the 
A strains to belong to Rowe ef al.’s type 4 
while all of the B and C strains belonged to 
types 7 and 3, respectively. Thus, there was 
complete agreement as regards grouping of 
the strains either when the viruses were typed 
with paired sera from cases or with monotypic 
rabbit antisera. It is to be noted additionally 


Time of collection 


in Table I that there was greater hetero- 
geneity within the B and C groups than 
among the A strains. Thus, the 2 A viruses 
reacted to the same extent with all of the first 
7 pairs of sera while, by contrast, the B and 
C strains varied markedly in their reaction to 
the second and third groups of sera, respec- 
tively. This indicated that there was minor 
antigenic heterogeneity within these types 
which could be detected with human sera but 
which was not revealed in the tests with rab- 
bit antisera. 

Complement-fixation findings. The results 
of CF tests performed with a portion of the 
paired human sera shown in Table I and 
representative viruses are presented in Table 
II. The CF findings were strikingly group- 
specific in contrast to the highly type-specific 
reactions obtained in the neutralization test. 
Serum pair 4-239 was the notable exception 
in that it showed a weak reaction with the 
type 1, 2, 5 and 6 latent virus antigens even 
though the reaction with types 4. 7 and 3 
was strong. This finding suggested that there 
may be a small degree of specificity demon- 


TABLE IIT. Distribution of RI Virus Types among Strains Recovered from Military Patients. 


No. of strains of type: Total No. 


Installation of specimens 3 4 7 ot strains 
Fort Dix, N. J. Jan. 11-13, 54 ih 11 
ely | Aas 2 5 2 9 
Leonard Wood, Mo. 4-953 2 ] 2 5 
Ord, Calif. Winter, 754 if 2 2 5* 
Total 5 8 We 30 


* Viruses recovered by Lt. Col. T. Berge, Fort Baker, Calif. 


GROUPING AND OCCURRENCE RI VirusEs 


TABLE IV. Distribution Neutralizing ‘Antibody 
Increases for RI Viruses among 25 Patients with 
RI Infeetion. 


No. of persons showing antibody 


Fold-inerease increase against RI strains 


in neutralizing Type 3 Type 4 ype 7 
antibody titer (3-110) (RI-67) (4-202) 
0 15 4 7 
2 2 2 3 
4 1 3 3 
8 2 6 4 
16 2 0 
32 9 3 
64 1 
128 2 Ik 4 
256 1 
No. positive (4-fold 8 19 15 


or > increase) 


strable among the “soluble” antigens of these 
viruses when tested with sera from certain 
patients. 

Distribution of virus types among the pa- 
tients. Thirty RI virus strains recovered 
from patients with respiratory disease at Fort 
Dix, Fort Leonard Wood or Fort Ord were 
typed and the distribution of the various sero- 
types in these military camps is shown in 
Table III. It is seen that types 3, 4 and 7 
only were represented and that all 3 types 
were present in all 3 camps in spite of their 
wide geographic separation. The 1954 out- 
break at Fort Dix was of special interest in 
that it was largely if not entirely due to type 
7 virus alone(17). To obtain further infor- 
mation about the occurrence of these agents, 
the paired sera from 25 patients with RI in- 
fection selected from the same populations in 
the same epidemics from which the viruses 
in Table III were recovered were tested for 
increase in neutralizing antibody against type 
3, 4 and 7 viruses. Table IV, which sum- 
marizes the increases in antibody against the 
strains, showed that 8 patients developed a 
significant rise in titer against type 3 virus, 19 
against type 4 and 15 against type 7. Al- 
though one cannot always be confident of the 
infecting type when the serological response 
alone is measured (see Table V,) the data are 
sufficiently clear to permit the conclusion that 
types 4 and 7 virus were the most common in 
these particular military outbreaks. 

Homotypic and heterotypic response to in- 
fection. The findings in tests to determine 
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the type-specificity ofthe serological response 
to natural infection among patients in whom 
the infecting type was definitively established 
by recovery of virus are summarized in Table 
V. The increases in neutralizing antibody 
were predominantly homotypic although the 
heterologous response to type 3 or 4 virus in 
the last three cases in the table was as large 
or larger than that against the type 7 strains 
which were recovered from the throat wash- 
ings. Patient 4-246, in whom the heterolo- 
gous response was 16 times greater than the 
homologous, provided the most outstanding 
example of this experience. The serologic 
findings and the identity of the isolate were 
determined on several occasions. The possi- 
bility cannot be excluded, however, that the 
patient may have been infected with both 
type 3 and 7 virus within the time period for 
collection of the serum specimens. Similar 
tests to determine the heterotypic response in 
patients infected experimentally with the RI- 
67 strain of type 4 virus by several routes are 
summarized in Table VI. It is noteworthy 
that the neutralizing antibody response in 
these individuals was entirely type-specific 
and there was no rise to either heterologous 
type. It is of further interest that the arti- 
ficial infection gave no heterotypic booster 
effect even in the patients who had antibody 
against the heterologous virus prior to inocu- 
lation with the RI-67 agent. 


Discussion. It is evident that the RI vir- 
uses recovered from patients with respiratory 
illness exhibited marked antigenic hetero- 
geneity when tested by the neutralization 
method with paired sera from cases and that 
these strains were clearly differentiated into 
three serological groups. These groups, which 
correspond to types 3, 4 and 7 as determined 
by tests with monotypic rabbit antisera(7), 
showed further minor antigenic heterogeneity 
within types 3 and 7, the significance of which 
remains to be determined. 


All the viruses recovered from patients be- 
longed to type 3, 4 or 7 and the antibody re- 
sponse in the persons with respiratory disease 
was against these 3 types primarily. There 
was little or no antibody produced against the 
type 1, 2, 5 or 6 latent viruses(7,16) recov- 
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TABLE V. Homotypie and Heterotypic Neutralizing Antibody Response in Patients with RI 
Infection from Whom Virus Was Recovered. 


ATTA O Cy. tt Cy 


G . 

irus 1 : . ; Veutralizing ———— 

Virus iso- Serum RI group = Neu y 

Case No. late type specimen CF Type 3 Type 4 Type7 
vr. : io 0 

55- 3 A Ot Ot 0 

Sis C 80 “512 0 8 
55- 33 é 0 0 2 0 
os : é 5 128 2 0 
Hee 0) 4 A 0 0 0) 0 
2 C 160 8 32 0 
55- 8 4 A 0 2 0 0 
ined C 20 8 32 2 
999 7 JX 0 0) 0 0 
re : C 80 0 8 512 
239 7 A 0 ND¢t 0 2 
va © 20 ; 0 512 
4-202 7 A 0 ND 0 0 
C 160 0 32 
4-207 7 A 0 ND 0 0 
; C 160 8 32 
55- 6 7 A 0 0 0 0 
late C 20 0 8 32 
4-204 7 A 5 ND 0 0 
C 80 2 8 
4-215 7 A 0 ND 0 0 
C 40 2 8 
4-201 7 A 0 0 2 0 
C 20 0 2 8 
4-218 7 A 0 ND 0 0 
C 80 8 8 
4-233 7 A 0 ND 0 0 
C 80 128 32 
4-246 if A 0 0 0 0 
C 10 128 0 8 


* A — acute, and C = convalescent specimen collected 3 or 4 wk later. 
+ 0 titer in CF test = less than 1:5 and in neutralization test = less than 1:2, the lowest 


serum dilutions tested. 
t ND = Tests not done. 


ered from human adenoid or tonsil tissue in 
tissue culture and these latter agents did not 
appear to be of etiological significance in any 
of the cases studied. All 3 serotypes 3, 4 or 
7 were present in troops in each of the 3 
camps and it is to be noted that the personnel 
in these installations were recruited from the 
eastern (Fort Dix), central (Fort Leonard 
Wood) and western (Fort Ord) regions of the 
United States. Types 4 and 7 virus appeared 
most often among the soldiers while type 3 
was less prevalent. One may speculate that 
the less frequent occurrence of type 3 might 
have been related to immunity resulting from 
prior infection with this agent which is known 
to cause epidemics in children(5,8). 
Patients infected naturally with type 3, 4 


or 7 virus usually exhibited antibody increase 
of low order against at least one other type 
even though antibody against the heterotype 
was absent from the acute phase specimen. 
By contrast, volunteers given type 4 virus 
(RI-67) by the respiratory route or paren- 
terally gave a homotypic response only even 
in persons who had antibody initially against 
another type. The reason for this difference 
was not evident although it may be related 
to the fact that the infection in the volunteers 
was inapparent or associated with minor ill- 
ness(18). 

The present findings are of importance in 
the laboratory diagnosis of RI infections and 
in any consideration of immunologic control 
of the disease. For routine laboratory diag- 
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TABLE VI. Homotypic and Heterotypie Neutralizing Antibody Response in Volunteers* Given 
RI-67 Virus. : 


* 


————_ Antibody titer ————__ 


Patient Age Serum CFt -——Neutralizing}——_, 

No.  andsex Virus inoe. route speciment RI group Type3 Type4 Type7 
1 Ti gs Nebulizer Pre 0 2 0 8 
Post 0 2 32 8 
5 29 & Nebulizer & intraderm. Pre 0 8 0 0 
Post 160 8 128 0 
6 53 3 Idem Pre 0 2 8 0 
Post 5 2 128 0 
7 54 ¢ 3 Pre 0 0 8 0 
Post 40 0 512 0 
8 43 9 1 Pre 0 0 0 0 
Post 160 0 512 0 
9 63 3 Intranasal & intraderm. Pre 0 0 2 0 
Post 10 0 32 0 
10 21 ¢ Intramuse. Pre 0 0 0 2 
Post 80 0 512 2 
11 55 9 Intramuse. & intraderm. Pre 0 2 0 0 
Post 40 2 512 0 
12 43 9 Intramuse. Pre 0 2 2 0 
Post 20 2 128 0 
13 Bp 3 Intramuse. & in’tumor Pre 0 2 0 0 
Post 0 2 128 2 


* Details of the volunteer experiments will be reported elsewhere(18). 
+ Pre-inoculation specimen collected immediately prior to administration of virus and post- 


inoculation sample taken 8 to 45 days later. 


+ 0 titer — less than 1:2 in the neutralization test; less than 1:2 in the pre-inoculation CF 
samples and less than 1:5 in the post-inoculation specimen. 


nosis of RI infections, the CF test is the 
method of choice since a single antigen suf- 
fices to detect antibody increase in all cases. 
Where additional information of the serotype 
is important, the specific neutralization test 
with types 3, 4 and 7 virus should be em- 
ployed or the virus itself should be recovered 
and typed. As regards immunization of newly 
recruited soldiers, one would certainly wish to 
induce resistance against types 3, 4 and 7 
viruses. 

Summary. Viruses of the RI family which 
caused acute respiratory illness among 
soldiers at Fort Dix, N. J., Fort Leonard 
Wood, Mo., and Fort Ord, Calif. during the 
last few years were separated into 3 groups 
based on neutralization tests with paired sera 
from cases. These 3 groups of agents cor- 
responded to serotypes 3, 4 and 7 of Rowe 
et al. determined by tests with monotypic 
rabbit antisera. Latent virus types 1, 2, 5 
and 6 which were recovered originally from 
tonsil or adenoid tissues by others did not ap- 
pear to be of etiologic importance in the mili- 


tary illnesses. The CF test results, in con- 
trast to the neutralization findings, were 
markedly group-specific. The importance of 
strain heterogeneity in relation to diagnosis 
and immunity is discussed. 
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Multiplication of Virulent Poliovirus in Capuchin Monkey Kidney Cultures 


Without Microscopically Observed Cytopathogenicity.* 


(22098) 


ALBERT S. KaApLANt AND JoSEPH L. MELNICK. 
Section of Preventive Medicine, Vale University School of Medicine, New Haven. 


Previous work from this laboratory dem- 
onstrated that the South American ringtail 
monkey (Cebus capucina) has a limited sus- 
ceptibility to poliovirus in vivo(1). Recent 
experiments showed that the Type 2 Y-SK 
strain, highly cytopathic for rhesus kidney 
cultures, was without demonstrable effect in 
capuchin cultures(2). The present report ex- 
tends the earlier findings in demonstrating 
that Type 1 human strains can multiply in 
epithelial cultures of capuchin kidney, even 
though no obvious cytopathic changes could 
be observed. In the course of these experi- 
ments, material became available to deter- 
mine whether capuchin cultures, which sup- 
ported virus growth with no apparent cell de- 
struction, could act as a selective medium for 
the propagation of non-neurotropic variants 
of poliovirus+ (3-8). 

Materials and methods. Four Type 1, four 
Type 2 and three Type 3 strains were em- 
ployed, both as stool suspensions of patients 
ill with poliomyelitis and as the first passage 


* Aided by grant from the National Foundation for 
Infantile Paralysis. 

+ Present address: Department of Bacteriology, 
University of Illinois, Urbana. 

+ We are indebted to Dr. Robert M. Chanock, 
University of Cincinnati, for suggesting this possi- 
bility. 


material from infected rhesus kidney cultures 
(in which they were all markedly cytopatho- 
genic). The procedures in use in this lab- 
oratory for growing cultures, for isolation and 
titration of viruses have been reviewed re- 
cently(9). In order to test for survival of 
virus under the conditions of the experiments, 
control tubes were inoculated and incubated 
together with the capuchin cultures. The 
control tubes contained medium alone (with- 
out cells) or rhesus cells that had been killed 
by freezing. Normal controls of uninocu- 
lated capuchin cultures were also included. 
For each test 0.1 ml of fluid was inoculated 
into a series of 8 to 10 monolayer cultures of 
capuchin kidney cells and 0.9 ml of lactal- 
bumin hydrolysate medium(9) was added. 
The cultures were allowed to incubate for 
various times; at the end of each incubation 
period, the fluids were harvested, and fresh 
medium was added if the incubation was to 
be continued. Titrations were carried out in 
rhesus kidney cultures, using 8 tubes per dilu- 
tion, since the capuchin cultures showed no 
apparent cytopathic alterations. The plaque 
technic was carried out according to the 
method of Dulbecco and Vogt(10). Tests for 
neurotropic properties of the Type 1 strains 
were carried out by inoculating the first or 
second passage capuchin culture fluid’ into 
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TABLE I. Passage of Type 1 Poliovirus in Cul- 
tures of Capuchin Monkey Kidney. 


TCDs55 
a titer in 
Passagein Cone. of Incubation rhesus 
capuchin TC fluid period cultures 
Strain cultures ino, (days) (per ml) 
Easton 1 10° 14 5.0* 
-15 2 % 14 4.1 
3 10+ 7 >5.0 

10> 7 4.6 

NOs 7 2.0 

ie il >+.0 

4 IO) 7 ea 

oe 11 3.1 

a 18 4.0 

5 10° 2 4.6 

NE-23 1 10° 14 noe 
2 OR 7 5.8 

10x a >4.0 

: lat >5.0 

3 10+ 7 3.0 

qa 11 4.3 

a 18 4.4 

£ 10° 2 4.7 

NE-34 1 10° 14 4.0* 
2 104 7 5.4 

LOR 7 >4.0 

z il >5.0 

3 OF ff 2.8 

cal Ih 2.8 

eal! 18 3.6 

+ 10° 2 5.1 


* Virus could not be recovered from tubes con- 
taining medium alone or rhesus cells killed by 
freezing, which were inoculated with the same 
amount of virus and incubated for the same per- 
iod of time as these capuchin cultures. 

+ These dilutions were made of the fluids har- 
vested from the cultures of the previous passage 
which had been inoculated with virus diluted a 
thousandfold. 


rhesus monkeys, 2 intracerebrally (0.5 ml) 
and 2 intraspinally (0.1 ml). The 4th or 5th 
passage material was tested in 6 monkeys for 
each of the strains. 

Results. The Type 1 strains grew readily 
in trypsinized capuchin kidney cultures, al- 
though no cytopathic changes could be ob- 
served in the microscope. The infected cul- 
tures looked exactly like the uninoculated 
controls. No evidence could be obtained to 
show that Type 2 and 3 strains multiplied un- 
der the same circumstances. The results of 
the titrations and the number of passages for 
three Type 1 strains are given in Table I. 
There are 3 lines of evidence to show that 
multiplication of virus occurred: 

1. All the passages were made by the addi- 
tion of 0.1 ml of virus or harvested fluids into 
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0.9 ml of medium in the culture tubes. Suc- 
cessive dilutions for the 5 passages of strain 
E-15 were 101, 101, 10*, 104, and 10!, making 
the final dilution of the original material 10". 
The titer of virus was never greater than 10° 
TCD; 0/ml, and since virus was present in the 
final fluid at a titer of 10*°, virus multiplica- 
tion must have occurred. This is supported 
by the failure to obtain virus from the control 
tubes (no living cells present) incubated dur- 
ing the first two passages together with the 
capuchin cultures. 

Similar considerations apply to strains NE- 
23 and NE-34; these also showed the pres- 
ence of virus at relatively high levels in the 
final culture fluids, which represented a dilu- 
tion of 10! of the original fluids. 


2. Multiplication was shown as well by the 
increase of virus during a single passage. 
When capuchin cultures were inoculated with 
less than 10 TCDso of strain E-15 in its sec- 
ond passage, fluids with a titer of greater than 
10*-° were obtained, indicating that at least a 
thousandfold increase in virus concentration 
had occurred. This type of virus increase 
was obtained several times and also with the 
other Type 1 strains. 

3. Virus propagation was also demon- 
strated by titrations of fluids taken at dif- 
ferent times from the culture tubes. With 
passage 3 of the E-15 strain, fluids harvested 
from the cultures inoculated with 10 TCDs;, 
yielded a titer of 107° at the end of 7 days 
and one greater than 10*-° at the end of 11 
days of incubation. This increase of virus 
concentration with time is shown also in pas- 
sage 4: the titers of the harvested fluids were 
101-7, 1031, and 10*° at the end of 7, 11, and 
18 days, respectively. Similar results were 
obtained with the other two strains. 

To determine whether all the capuchin cells 
in the culture produced virus but without cel- 
lular degeneration or whether only a few cells 
were involved in virus propagation, the fol- 
lowing experiment was done.’ Capuchin 
monkey kidney cells were grown in petri 


§ These experiments were carried out by one of us 
(A.\S.K.) at the California Institute of Technology 
through the hospitality of Drs. Renato Dulbecco and 
Marguerite Vogt. 
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TABLE IT. Number of Infected Cells in Capuchin 
Monkey Kidney Cultures as Determined by the 


Plaque Technic. 


No. of cells 


in inoeulum No. of % of cells 
Day (x 100,000) plaques infected 
1 2 105 .05 
2 iil 3 03 
3 1.8 27 015 
6 al 21 all 
7 Ward 39 .023 


plates according to the technic of Dulbecco 
and Vogt(10). These monolayer cultures 
were inoculated with 0.1 ml of Easton-15, 4th 
passage capuchin virus; the inoculum con- 
tained 2 x 10° plaque-forming particles (as 
determined by titration on rhesus plates). 
Nutrient medium was added, and at the in- 
tervals shown in Table II, the medium was 
removed, the plates washed several times with 
buffered saline, and the monolayer of cells 
suspended by means of 0.02% versene. The 
cells were sedimented and resuspended in 1 
ml of nutrient medium; 0.1 ml of this cell 
suspension was seeded onto petri plate cul- 
tures of rhesus monkey kidney cells. After 
a period of 30 minutes to allow for adsorption 
of virus, an agar overlay was added. The 
plaques were counted at the end of 4 days. 
The results shown in Table II demonstrate 
that in a population of 10° cells only an aver- 
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age of 60 cells was infected. This experiment | 
shows that the absence of obvious cytopathic | 


changes in the capuchin monkey kidney cul- 
tures was due to the fact that only a small 
proportion of cells was involved in the pro- 
duction of virus. The degeneration of so few 
cells in the culture would be very difficult to 
detect microscopically. The propagation of 
certain polioviruses in tissue cultures in the 
absence of observed cytopathic changes has 
previously been recorded(12-14), and it is 
likely that the present explanation of only a 
small proportion of cells supporting virus 
propagation, underlies the earlier observa- 
tions. 


Neurotropic properties. After 4 to 5 pas- 
sages in capuchin cultures the 3 Type 1 
strains were compared for the ability to grow 
in the central nervous system of rhesus mon- 
keys. Attenuated strains of poliovirus have 
been characterized by their restricted growth 
in the monkey nervous system, limited chiefly 
to the lumbar part of the spinal cord(11). 
Thus an intracerebral inoculation of attenu- 
ated virus would be expected to produce dis- 
ease rarely—only if the virus in some manner 
found its way to the lumbar region. As a 
corollary, intraspinal inoculation would be ex- 
pected to produce paralysis of the legs, if at 
all. In the present experiments the viruses 


TABLE III. Neurotropism of Poliovirus in Rhesus Monkeys, after Propagation without 
Microscopically Observed Cytopathogenicity in Capuchin Cultures. 
No. of 
passages Doses* Result, t 
Strain in TC Route (X 1000) day of paralysis 
E-15 2 Intracerebral 8 @ (Gla) seine: 
Intraspinal 1.6 4 (L>A) ; remained well 
5 Intracerebral 20 7(A+1);10(i);14(A+1L) 
Intraspinal 4 4 (L>A); 4 (LA); 4 (L) 
NE-23 1 Intracerebral 5 8 (A + 1); 8 (A) 
Intraspinal 1 Webicr KU) Le 
4 Intracerebral 25 14 (T+ 1L);14(T+1L); ine. 
Intraspinal 5 2 (L>A); 3 (L>A); 3 (uA) 
NE-34 il Intracerebral 0.8 5 (1.) ; ine. 
Intraspinal 0.2 4 (L) ; ime. 
4 Intracerebral 63 8 (A -- L) 3 11-Ca); 14 Gu) 
Intraspinal 12.6 3 (L>A) ; 4 (L>A); 4(L) 


* Doses in inoculum determined as TCD.) for rhesus kidney cultures on the day monkeys 


were inoculated. 


tL =leg paralysis; A — arm paralysis; T — tremors; inc. = incomplete test due to non- 
specific death of monkey. 4 (LA) indicates that paralysis first oceurred on the 4th day, the 
legs being involved. Subsequently the arms (A) became involved. : 
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propagated in capuchin kidney cells remained 
virulent, in the doses inoculated, after 4 or 5 
serial. tissue culture passages. As shown in 
Table III, paralytic disease was produced 
after intracerebral inoculation. In addition, 
the affinity of the virus for the CNS was 
demonstrated after intraspinal inoculation. 
When the virus was injected into the lumbar 
area, it multiplied there and _ frequently 
ascended the cord; this manifested itself by 
leg paralysis followed by arm paralysis. 
Summary. Cultures of trypsinized kidneys 
of South American capuchin monkeys (Cebus 
capucina) supported the multiplication of 
Type 1 polioviruses, even though no cyto- 
pathic changes were observed by microscopic 
examination of the cultures. The failure to 
observe cytologic changes was found to be 
due to the small proportion of cells in the cul- 
ture capable of supporting the growth of 
virus. After 4 to 5 tissue culture passages the 
viruses remained virulent for the monkey 
brain and spinal cord. No evidence was ob- 
tained for the propagation of Type 2 and 3 
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Strains in the capuchin cultures. 
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Measure of Irritation by Quantitative Determination of Extravasated Dye.* 


(22099) 


R. A. Sacus AND W. L. Lummis. 


(Introduced by M. H. Kuizenga.) 


Department of Biological Control, The Upjohn Co., Kalamazoo, Mich. 


Intravenously administered colloidal dyes 
have been observed to concentrate at sites of 
inflammation(1-5). This phenomenon has 
been the basis for tests to measure the in- 
tensity of irritation(6-10). In such tests, 
visual estimations of the quantity of dye at 
irritated sites were graded by various systems, 
either direct or by comparison to standard 
color charts. The results of visual observa- 
tions in this manner are influenced by sub- 
jective bias and are not easily reproducible. 

This report describes a method for the 
quantitative removal of accumulated Evans 
blue dye from irritated tissue and its meas- 


* The authors wish to thank M. L. Pabst for his 
advice and O. S. Carpenter for advice on statistical 


treatments. 


urement spectrophotometrically. This should 
be a reliable index of the degree of irritation, 
provided the amount of extravasated dye is 
proportional to the extent of irritation. A 
modification of the method of Caster, Simon, 
and Armstrong(11,12) for the measurement 
of plasma volume was used for extracting the 
dye from tissue. 

Methods and materials. White rats, 
(Sprague-Dawley), 115-130 g, were anesthe- 
tized with an intraperitoneal injection of so- 
dium pentobarbital. The skin on the pos- 
terior side of the hind legs was slit to expose 
the gastrocnemius muscles and 0.03 cc of the 
test material was injected into each muscle 
using a 14 inch, 27 gauge needle. Fifteen min- 
utes after the injection of the test material, 
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0.3 cc of 1% Evans blue in saline was in- 
jected intravenously in the tail vein. Thirty 
minutes later the animal was sacrificed, both 
gastrocnemius muscles removed and placed in 
a semi-micro Monel blendor jar containing 
15 cc  benzalkonium chloride (Zephiran 
Chloride, 12.8%). The tissue and Zephiran 
Cl were blended at high speed in a 2-speed 
Waring blendor for 2 minutes, 13 cc isobutyl 
alcohol were added, and blending was con- 
tinued for 30 seconds on low speed. The mix- 
ture was transferred to a small glass-stop- 
pered reaction tube and centrifuged at 1750 
r.p.m. for 3 minutes. After centrifugation, 3 
layers were visible: a top layer of isobutyl 
alcohol containing the dye, a middle layer of 
white macerated tissue, and an aqueous- 
Zephiran Cl bottom layer.t Using vacuum, 
the 2 bottom layers were aspirated and dis- 
carded. Approximately 3.5 g sodium sulfate 
anhydrous were added to the remaining iso- 
butyl layer to remove excess water and the 
tube was shaken by hand for one minute. It 
was centrifuged at 1750 rpm. for 5 min- 
utes, and the supernatant decanted into a 
cuvette. Absorbency readings were made at 
620 mp» in a Coleman Junior spectrophoto- 
meter. By means of a standard dye curve, 
the absorbency readings were converted into 
micrograms (yg) of dye. 


Experimental. To ascertain the extent of 
dye recovery from the muscle tissue, the 3 
lavers of the first centrifugation were exam- 
ined. Spectrophotometric analysis of the 
aqueous layer indicated that no dye was pres- 
ent. Microscopic examination of the macer- 
ated tissue layer showed no trace of the dye. 
Spectrophotometric analysis showed that the 
Evans blue was contained in the isobutyl 
layer. Therefore, this indicated quantitative 
recovery of the dye. The standard dye curve 
was prepared by processing increments of 
Evans blue, 10 to 150 pg in Zephiran Cl, ac- 
cording to the preceding method. The curve 


t Nore: Occasionally, contact of Zephiran Cl with 
the blendor assembly produced a blue color in the 
aqueous-Zephiran layer. A test for copper in this 
layer was positive. 
isobutyl alcohol, therefore, did not interfere with 
absorbency readings of the dye. 


The blue color was insoluble in 
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TABLE I. Dye Measurements for the Blank and | 
Control Injected Rats. 


Corrected 
No.of Dyevalue, dye value, 
Materials tested rats avg pg/rat avg pg/rat | 
Blank 22 24.0 — 
Saline : 16 23.7 —3 
Sterile water 6 27.9 3.9 


for inj. 


followed Beer’s law confirming the work of | 
Caster, et al.(13); therefore, it was used to } 
convert the absorbency readings of all tissue | 
extractions to pg of dye. The amount of dye | 


and extraneous components extracted from | 


non-irritated muscles after intravenous injec- 
tion of Evans blue was determined as a 
“blank.” The average blank for 22 rats was 
equivalent to 24.0 pg of dye. Because ex- 
traneous tissue components contributed to — 
this value, the absorbency readings for nor- 
mal muscles and test material injected mus- 
cles with dye absent were compared and 
found to be in agreement. Therefore, the 
blank was subtracted from all results ob- 
tained on the test materials to give a 
corrected value. Control injections of physio- 
logical saline and sterile water were tested 
and the results given in Table I. Physio- 
logical saline injections gave no evi- 
dence of irritation. Sterile water for injec- 
tion was very slightly irritating which agrees 
with the findings of Weatherby(7). 

Results. To test the procedure for graded 
responses to a known irritant, a series of con- 
centrations of NF IX Formaldehyde were 
prepared and tested. The results are given in 
Table II. A regression line was calculated 
from the data in Table II and is shown in Fig. 
1. Calculations of the regression line showed 


slope = 27-1) Stand. Devae=.\VetOjeion== 


TABLE II. Dye Measurements for Formaldehyde 
Concentrations. 


Corrected 
No. of dye value, 


Material tested 


rats avg ug/rat 
Formaldehyde 1.6 % 8 43.5 
8 8 39.9 
4 18 26.3 
2 10 18.7 
ol! 10 6.8 
05 10 disil 
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Microgroms of Dye 


T T T if ae) 
0.05 0.1 0.2 0.4 0.8 1.6 


Formaldehyde concentration - Percent 


FIG. 1. Regression line for formaldehyde series. 


10.352. The average dye measurements did 
not deviate from the regression line by more 
than could be attributed to experimental 
error. The slope of the regression line relat- 
ing dye concentrations to dose concentrations 
was highly significant. Therefore, the method 
provides a quantitative measurement of de- 
grees of irritation, assuming the degree of ir- 
ritation to be proportional to the concentra- 
tion of the irritant. 

Preliminary examination was made of vari- 
ous categories of injectables to observe a 
range of irritation. The samples were tested 


TABLE III. Dye Measurements for Injectables. 
Corrected 
Conecen- No.of dye value, 
Materials tested tration rats avg ug/rat 
Preservatives 
Phenol 5 % 3 —9 
Chlorobutanol mt) 3 1.6 
Methylparaben 2 3 2.2 
Propylparaben .02 3 dg) 
Vehicles 
Cottonseed oil — 4 4.1 
Peanut oil — 4 —.6 
AJ. Monostearate 2.0 % 4 —.2 
w/peanut oil gel 
Local anestheties 
Procaine HCl 2.0 % 8 3.4 
Piperocaine HCl 2.0 7 1.4 
Lidocaine HCl 2.0 8 4.3 
Vitamin products 
Liver inj. (crude) 2 ug By/ce 8 itl 
Idem (refined) 10 11 5.3 
” ” 20) 8 eo | 
Nicotinic acid 10.0 % 4 5.6 
amide 
Calcium compounds 
Ca. Gluconate 10.0 % 23 14.4 
Ca. Chloride 2.5 13 35.9 
Idem 1.25 10 24.0 
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at concentrations normally employed clini- 
cally. The results on materials examined to 
date are given in Table ITI. 

The results in Table III indicate the pre- 
servatives, vehicles, and local anesthetics 
tested were only slightly irritating at clinical 
concentrations. The liver injection products 
did not cause irritation proportional to the 
amount of cyanocobalamin present; however, 
it appeared that refinement of the product re- 
duced its irritating properties. Calcium 
chloride, which is not recommended for intra- 
muscular injection due to its irritating prop- 
erties, showed the highest degree of irritation 
in our study. Concentrations of 5.0 and 
10.0% produced average dye values of 53.2 
and 54.6 mg respectively. Because a signifi- 
cant increase was found in extracted extrane- 
ous components due to the irritant injection 
alone, these values were omitted from Table 
III. Dilutions of the calcium chloride from 
% to % the clinical strength showed more ir- 
ritation than calcium gluconate, which also 
had a high order of irritation. 

Because of the current interest in anti- 
inflammatory compounds, a_ preliminary 
study was made to determine the adaptability 
of this method to measure anti-inflammatory 
activity. The procedure was modified only in 
that the test animals were injected with the 
anti-inflammatory material previous to the 
injection of the irritant, Calcium Gluconate, 
10.0%. Intraperitoneal injections of Solu- 
Cortef+ (hydrocortisone sodium succinate), 
5 mg/rat, were used to obtain the anti-inflam- 
matory effect. The preliminary results showed 
that a single dose injected 1 to 5 hours before 
the irritant would lower the amount of dye 
recovered by about 25%. This indicated that 
the method may be modified to measure 
quantitatively anti-inflammatory activity. 

A preliminary test of xylene treatment of 
the rat abdominal skin indicated that a modi- 
fication of the method may be used to meas- 
ure quantitatively the irritation caused by 
agents applied topically. 

Discussion. It appears that our prelimin- 
ary results cover the range from non-irritating 


t Registered Trademark, The Upjohn Co., Kala- 
mazoo, Mich. 
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to highly irritating products. After the 
accumulation of more data, an attempt will 


be made to describe irritation on a unitage 


basis. At present, however, it is recom- 
mended that comparisons of irritation be 
made within categories of compounds, since 
there seems to be no universal agreement on 
a standard irritant. The same practice would 
probably apply to studies of the anti-inflam- 
matory compounds. 

In the course of this investigation, alternate 
sites of injection and modifications of the pro- 
cedure have been used. The rat ear, rat 
testes, rat abdominal skin, and the longi- 
tudinal back muscle of the rabbit have been 
used successfully as an injection site for the 
irritant. In each case, the procedure of dye 
removal was modified slightly, but essentially 
the method remained the same. 

Summary. An objective quantitative 
method to measure the degree of irritation 
has been described. It has been used to ob- 
tain a valid dose-response curve on a known 
irritant, formaldehyde, and to measure the ir- 
ritating properties of various categories of in- 
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jectables. The method has been modified to 
permit measurement of anti-inflammatory ac- 
tivity and topical irritation. 
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Effect of Cyanide on Growth and Respiration in Earle’s Strain L Cells.* 
(22100) 


D. M. Pace anv H. J. Puitiips.t 


Department of Physiology, University of Nebraska, Lincoln. 


Respiration in most tissues is inhibited by 
3 x 10°M cyanide(3,8,12,14). Cyanide has 
been used very little as an inhibitor of cells 
grown im vitro. Danes and Leinfelder(2) 
noted that 0:1 x 10;* to3s.cc 103M GN 
inhibited growth of chick embryo tissue 73%. 
Experiments reported below were designed 
primarily to ascertain to what extent Earle’s 
strain L cells, which have been grown in cul- 


* This investigation was supported (in part) by a 
research grant from the National Cancer Institute, of 
National Institutes of Health, Public Health Service. 

t Pre-doctorate Fellow of the National Cancer In- 
stitute. Present address: Dept. of Physiol. and 
Pharm., Creighton Univ. School of Medicine, Omaha, 
Nebr. 


ture for more than 12 years(4), are cyanide 
sensitive. 

Materials and methods. Strain L cells were 
obtained through the generosity of Dr. Wil- 
ton R. Earle and were cultured on glass (D- 
3.5 Carrel flasks) in Earle’s solution consist- 
ing of 40% balanced saline, 40% horse 
serum and 20% chick embryo extract (in 
Earle’s saline solution, 1:1)(4,5). The cul- 
ture medium was renewed 3 times weekly and 
cultures gassed with 5% COs in air. In ex- 
periments to test the effect of cyanide on 
growth, a cell suspension was obtained by 
gentle agitation of stock cultures. The cells 
were concentrated by centrifugation at 1000 
rpm(7), resuspended in fresh medium after 
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TABLE I. Effect of Sodium Cyanide on Growth 
in Earle’s Strain L Cells. Growth of cells in con- 
trol cultures is taken as 100. 


Cone. of Avg No. of 

NaCN No. of cell nuclei Growth (% 
QGnolar) cultures per culture of control) 
i iG’ 7 0 0 
10S 16 1.43 & 10° 2.6 
exe lise 3) 219) x 1108 99.6 

i Seal 5 3.09) << 10° 90.2 

1b Sale 20 1.88 x 108 95.5 

ik Se Oe? B4 Wks Se AES: 

iL S< ao 20 IO Se” 116.2 
Ibo 17 eel es 94.6 


which 1 ml aliquots were inoculated into Car- 
rel flasks. After 2-3 days the cultures were 
divided into experimental and control groups. 
Sodium cyanide was added directly to the 
medium in experimental cultures which were 
carried for an additional week, at which time 
the number of nuclei in each culture was as- 
certained by sample counts on a hemacy- 
tometer(13). Cells were collected for respira- 
tion experiments in the same way as for 
growth experiments but they were resus- 
pended in neutralized horse serum. Neutral- 
ized horse serum contains bound bicarbonate 
and remains physiologically neutral when 
equilibrated with a CO, free atmosphere(16) 
as is employed in Warburg’s direct method 
(15). One ml aliquots were placed in each 
Warburg flask. Number of cell nuclei was 
determined in same manner as previously in- 
dicated. Calcium cyanide was prepared and 
its concentration determined according to 
Robbie(9,10). Constant source of HCN in 
medium during experimentation was obtained 
by using Ca(CN)»2-Ca(OH)» mixtures in cen- 
ter well of the Warburg flasks(11). 

Results. Since number of cells used from 
one experiment to another was not exactly the 
same, determinations were made in pairs for 
both growth and respiration. 

The results obtained on effect of NaCN 
on growth (Table I) indicate that Earle’s 
strain L cells do not divide nor grow when 
placed in culture medium containing 10% M 
NaCN. After the first day in this solution 
all cells become detached from the floor of 
the flask. In 10¢* M NaCN the number of 
nuclei was scant or non-existent. Although 
some cells were still intact after a week it is 
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doubtful that growth_occurred in this concen- 
tration of cyanide. In culture media contain- 
ing 10° M NaCN growth is stimulated. As 
checked by the test for observations involv- 
ing paired groups(6), the accelerated growth 
in 10° M NaCN was significantly different 
from controls (P = about 0.01). It appeared 
that growth might be stimulated in 107° M 
NaCN but statistically the results are not 
significant. 

Results from experiments on effect of cyan- 
ide on respiration are presented in Table II. 
Oxygen uptake is inhibited 85.39 in 7 x 104 
M HCN. It should be noted that a similar 
concentration of cyanide inhibited growth. 
Statistically, there was no evidence for stimu- 
lation of respiration with lower concentra- 
tions of HCN. 


Discussion. Most of strain L cells did not 
grow in 10* M NaCN. In contrast, oxygen 
uptake was not completely inhibited in 2 x 
10* M HCN; the mean oxygen uptake was 
26.9% as much as the control. Probably dif- 
ference in degree of inhibition of growth as 
compared to respiration can best be explained 
by the fact that the cells were exposed to cy- 
anide for a longer period in the growth ex- 
periments. 

It is known that the bulk of respiration is 
carried out by the cytochrome system. Cy- 
anide inhibits cytochrome oxidase almost 
completely at concentrations of the order of 
10° M, and thus inhibits about 80% of the 
respiration in most tissues(1). 

Growth of embryonic chick heart in tissue 
culture is inhibited 73% in 0.1 x 10% to 0.38 
x 10+ M cyanide(2). The same is true for 


TABLE II. Effect of Cyanide on Oxygen Con- 
sumption in Earle’s Strain L Cells. Rate of oxygen 
consumption in control cultures is taken as 100. 


Avg ul 

Cone. of No. of oxygen Oxygen 

HCN determin- consumed/ consumption 
(molar ) ations hr/10% cells (9% of control) 
EX OF 28 1.2 14.7 
<r 28 2.0 26.9 
Oye MO 28 4.9 67.0 
a eliOn 24 eG °109.2 
2 S< MO 21 8.4 101.4 
BS WO 28 7.5 100.4 
2 eliiige’ 21 8.5 101.5 
i eK) D4 8.1 105.8 
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other tissues. With slightly greater cyanide 
concentration (104 M NaCN), growth of 
strain L is inhibited 97.4%. Thus, although 


concentrations of cyanide in our experiments» 


were slightly different from those used by 
other workers, the results are in agreement. 
Strain L is about as sensitive to cyanide as 
other types of tissue cells. 

We noted that growth of strain L cells was 
stimulated with 10° M NaCN, as described 
by many investigators for other cells and tis- 
sues but no adequate explanation is available. 

Summary. 1. Earle’s strain L cells were 
cultured in vitro and the effects of different 
concentrations of NaCN were studied. Con- 
centrations ranging from 10° to 10° M 
NaCN were tested. 2. In 10*-M NaCN 
growth was inhibited 97.4% but in 10° M, 
growth was enhanced and exceeded that of 
controls by 17%. 3. The effect of cyanide 
on oxygen uptake of strain L cells in neutral- 
ized horse serum was determined by means 
of the Warburg Respirometer. 4. At a con- 
centration of 7 x 10* M HCN, which was 
slightly stronger than the concentration 
necessary to stop growth, there was still an 
oxygen uptake of 14.7% as compared to con- 
trols. 5. Strain L cells possess. a cyanide 
sensitive type of respiration similar to that 
found in normal cells. 
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Eosinophil Response to Toxoids in Actively and Passivély Immunized 


Mice.* 


R. S. Sperrst anp U. WENCK. 


(22101) 


(Introduced by J. Raymond Klein.) 


Biology Department, Brookhaven National Laboratory, Upton, N. Y. and Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Me. 


The recent(1) development of technics for 
quantitatively estimating the number of cells 
in body cavity fluids has made it possible to 
determine the cellular reactions outside the 
blood following administration of hormones, 
drugs or other physiologically active sub- 
stances. In a study of such reactions in the 
peritoneal exudate marked changes were 
found in the number of cells per cubic milli- 
meter of peritoneal fluid depending upon a) 
the material injected, b) the degree of sensi- 
tization of the animal to that material, and 
c) the level of adrenal cortical hormones. An 
accumulation of eosinophils in the peritoneal 
fluid between the 2nd and 10th days appeared 
to be the specific local cellular response of the 
sensitized mouse to intraperitoneal injection 
of sensitizing antigen(1-3). The antigens 
used included pollen extract, bovine albumin, 
horse serum, ascaris extract and foreign 
erythrocytes. 

This paper reports further studies concern- 
ing the local and systemic cellular responses 
to antigens and the chemotactic factors in- 
volved. It was found that injections of te- 
tanus or diphtheria toxoid produced a local 
accumulation of eosinophils in actively im- 
munized mice, but not in non-immunized mice 
or mice passively immunized with heterolo- 
gous antibody. 


Materials and methods. The mice used in 
these experiments were BBF, hybrids and C 
57 Br/a mice from the research colonies of 
the R. B. Jackson Memorial Laboratory. 
The animals were from 2% to 4 months of 


* This investigation was supported in part by re- 
search grants C1895 and C2194 (at the Jackson 
Laboratory) from the National Institute of Health, 
Public Health Service, and from funds of Brook- 
haven National Laboratory under auspices of the 
U. S. Atomic Energy Commission. 

+ Public Health Service Special Research Fellow 
of the National Cancer Institute. 


age and both sexes were used. The mice were 
immunized to diphtheria toxoid (Parke Davis 
and Co.) by a series of 5 subcutaneous injec- 
tions as follows: 0.1 ml on days 1 and 2, and 
0.2 ml on days 3, 6 and 13. The final chal- 
lenging injection was given intraperitoneally 
one week after the last immunizing injection. 
Two different procedures were used for im- 
munizing mice to tetanus toxoid. The first 
consisted of a series of injections of fluid tox- 
oid (Lederle) as given above for diphtheria 
toxoid. The second consisted of injecting 
subcutaneously 0.05 ml of an alum phosphate 
precipitated toxoid (Lederle) followed by 
0.05 ml fluid toxoid 15, 22 and 29 days later. 
On the 36th day a challenging injection of 
0.05 ml fluid toxoid was given intraperiton- 
eally. Passive immunization was produced 
by injecting mice with tetanus antitoxin 
(Lederle) either 1 or 72 hours prior to the 
injection of fluid tetanus toxoid. Two differ- 
ent dosages were used; half the animals were 
injected subcutaneously and the remainder 
intraperitoneally. 


The methods used for estimating number 
of blood and peritoneal cells have been pub- 
lished elsewhere(1,4-6). A modification of 
Randolph’s solution(7) was found to be a 
satisfactory diluent for the cell determina- 
tions. Each animal was used only once for 
the determination of cells and then discarded. 

Results. The numbers of eosinophils in 
the peritoneal fluids of immunized and non- 
immunized mice, 4 days after intraperitoneal 
injections of toxoid, are compared in Fig. 1. 
In non-immunized animals a single injection 
of tetanus toxoid did not increase the number 
significantly. The immunized animals tended 
to have slightly higher numbers of eosinophils 
in the peritoneal fluid prior to the challenging 
injection. The animals which received the 
intraperitoneal injection of toxoid, however, 
showed as much as a 50-fold increase in these 
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FIG. 1. No. of eosinophils in peritoneal fluid 4 days following intraperitoneal injection of tox- 
oid in immunized and non-immunized mice. 


cells. Similar data were obtained with diph- 
theria toxoid as the antigen. 

The numbers of blood leucocytes and peri- 
toneal cells observed following an injection 
of 0.05 ml of fluid tetanus toxoid in actively 
immunized and non-immunized mice is shown 
in Fig. 2. In the non-immunized mice, tetanus 
toxoid produced no marked changes in num- 
ber of blood or peritoneal cells. However, in 
the actively immunized mice, there was a 


slight increase in blood eosinophils, and a 
marked increase in peritoneal eosinophils. A 
slight increase in the number of mononuclear 
cells and a transient neutrophilia also oc- 
curred. 

The eosinophil responses in the peritoneal 
fluid on the 4th day following an intraperi- 
toneal injection of 0.05 ml of tetanus toxoid 
in actively and passively immunized mice are 
compared in Table J. A marked eosinophilia 
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FIG. 2. Cellular responses following an intraperitoneal injection of tetanus toxoid in immu- 
nized and non-immunized mice. A total of 80 mice were used and each point represents the 
mean of 3 to 6 mice. 
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TABLE I, Comparison of Eosinophil Responses in Actively and Passively Immunized Mice 4 


Days following an I.P. Injection of Tetanus Toxoid. 


6 mice im each series. 


Response to 
tetanus toxoid 
eosinophbils/mm®* 
peritoneal fluid 


Procedure for immunization + 8.E. 
Active 4S. Q. inj. of 0.05 ml toxoid during 4 wk period 80660 se (ely 
Passive A 550 units antitoxin* 1 hr prior to toxoidt 1208+ 166 
iS Wash 0) il if 783 + 271 
C. 550 72, t 1117 + 127 
D. 2780 72 t 1158+ 417 


* Antitoxin—Lederle Globulin Tetanus Antitoxin (1 ml =< 5560 units). 
+ Half of the mice injected IP, the remainder S. Q. 


occurred in every animal which was actively 
immunized and then reinjected with the anti- 
gen. However, there was no evidence for an 
increase in the number of these cells in any 
of the mice passively immunized with anti- 
toxin from a heterologous species. 

Discussion. These experiments demon- 
strate that eosinophils accumulate in the peri- 
toneal fluid following intraperitoneal injec- 
tions of either tetanus or diphtheria toxoid 
into mice actively immunized to the respec- 
tive toxoid. This local eosinophilia did not 
occur in control or passively immunized ani- 
mals. The number of mononuclear cells also 
increased following the challenging injection 
of toxoid but the degree of increase was less. 

It is well documented that antigenic ma- 
terial injected for the first time is rapidly re- 
moved from the injection site. However, in 
the actively immunized animal the antigen 
becomes fixed at the site of injection. This 
fixation is accompanied by antigen-antibody 
reactions, marked stimulation of antibody 
production, both locally, and in the draining 
lymph nodes, as well as an increase in the 
amount of local inflammation(8-10). It is 
shown in this paper that these reactions are 
also accompanied by an accumulation of 
eosinophils. 

In the passively immunized animal also, 
there is fixation of antigen, antigen-antibody 
reactions, and local inflammation(9,10). 
However, an accumulation of eosinophils does 
not occur in these animals. It would therefore 
appear that the eosinophils are related to 
some phase of antibody production, since by 
the 4th day antibody production occurs in the 


actively immunized, but not in the passively 
immunized animal. 

There has been a great deal of speculation 
as to which cells produce antibodies, but the 
eosinophil has not been considered by current 
workers or reviewers in this field despite 
earlier work suggesting this possibility (11- 
14). Eosinophils have been found to respond 
not only following the reinjection of toxoid, 
but also following the reinjection of a wide 
variety of particulate and soluble antigens, 
such as isoantigens, pollen extracts, albumins, 
horse serum, foreign red blood cells, parasitic 
extracts, etc.(1-3,15,16). The accumulation 
of these cells has been observed around the 
antigen whether it is introduced intraperi- 
toneally, subcutaneously, intravenously, or 
via the digestive or respiratory tracts(3,17- 
20). In addition to the site of antigen injec- 
tion, these cells also accumulate in lymph 
nodes draining an area of injection or infec- 
tion and in the spleen following an intra- 
venous injection of foreign protein(17,21). 
Furthermore, the time of local accumulation 
of eosinophils appears to precede slightly or 
to coincide with that of antibody production 
(22-24). It is also of interest to note that 
recent technics developed for staining anti- 
body in plasma cells, also stain eosinophils in 
a similar manner(25,26). Finally, doses of 
cortisone and X-ray which inhibit antibody 
production also prevent the accumulation of 
eosinophils (27). 

Summary. 1. Intraperitoneal injections of 
tetanus and diphtheria toxoid into actively 
immunized mice produce an accumulation of 
eosinophil cells in the peritoneal fluid which. 
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reaches a peak at 4 days and lasts for at least 
10 days. The degree of increase depends 
upon the dose of toxoid used. The local 
eosinophilia does not occur in non-immunized 
mice or in mice passively immunized with 
heterologous antibody. 2. The experiments 
suggest that the local eosinophilia is due 
neither to the antigen-antibody reaction nor 
to the accompanying inflammatory syndrome, 
but to an early stage of antibody formation 
during the secondary response. 


The authors would like to thank Dr. J. R. Klein 
for suggestions and help in the preparation of this 
manuscript, and William Modeen, Randall Spraque, 
and John Anthony for their excellent technical 
assistance. 


1. Speirs, R. S., and Dreisbach, M. E., Blood, 1956, 
vll, 44. 

2. Speirs, R. S., Wenck, U., and Dreisbach, M. E., 
1956, vl1l, 56. 

3. Speirs, R. S., Ann. N. VY. Acad. Sci., 1954, v59, 
706. 

4. Speirs, R. S., Blood, 1952, v7, 550. 

5. Speirs, R. S., and Meyer, R. K., Endocrinol., 
1949, v45, 403. 

6. Speirs, R. S., J. Lab. Clin. Med., 1952, v39, 963. 

7. Randolph, T. G., Am. J. Clin. Pathol., 1944, 
v14, 48. 

8. Menkin, V., Physiol. Rev., 1938, v18, 366. 

Om Kahn) Rap lrqeAgiie Vie eae COGsmS Cleat 5 SenV5 9. 
281. 


10. Opie, E. L., J. Immunol., 1924, v9, 231, 255, 
259. 

11. Hankin, E. H., Zentr. Bakteriol. Parasitenk., 
1892, v12, 781. 

12. Foster, G. B., J. Med. Research, 1908, v19, 83. 

13. Schlecht, H., Arch. exp. Pathol. Pharmakol., 
UOID. \Korh, Wek 

14. Weinberg, M., and Sequin, 
Pasteur, 1915, v29, 323. 

15. Panzenhagen, H., and Speirs, R., Blood, 1953, 
v8, 536. 

16. Dreisbach, M., Snell, G., and Speirs, R., in 
preparation. 

17. Schwarz, E., Ergab. Allg. Path. u. path. Anat., 


P., Ann. Inst. 


"1914, v17, 137. 


18. Essellier, A. F., and Koszewski, B., Klin. Univ. 
Zurich, 1951, v106, 10. 

19. Samter, M., Blood, 1949, v4, 217. 

20. Godlowski, Z. Z., J. Endocrinol., 1952, v8, 102. 

21. McNeil, C., Am. J. Path., 1948, v24, 1271. 

22. Libby, R. L., and Madison, C. R., J. Immunol., 
1947, v55, 15. 

23. Koshland, M. E., Fed. Proc., 1955, v14, 469. 

24, Harris, S:, and Harris, D2 Ne) Jo Expaieds 
1954, v100, 269. 

25. Coons, A. H., Leduc, E. H., and Connolly, 
J. M., ibid., 1955, v102, 49. 

26. White, R. G., Coons, A. H. and Connolly, 
J. M., ibid., 1955, v102, 73. 

27. Wenck, U., and Speirs, R. S., papers in prep- 
aration. 


Received August 24, 1955. P.S.E.B.M., 1955, v90.- 


Thyroidal I'*' Collection in Normal and Adrenalectomized Rats, Effect of 


Desoxycorticosterone Acetate and Physiological Saline.* 


(22102) 


E. F. Monxus Anp E. P. REINEKE. 
Department of Physiology and Pharmacology, Michigan State University, East Lansing. 


Although it has often been suggested that 
changes in extrathyroidal distribution of io- 
dine such as would be caused by body fluid 
shifts or variations in extracellular fluid vol- 
ume will alter thyroidal I**! collection, little 
specific information on this point is available. 


* Data reported are from a thesis submitted by 
senior author in partial fulfillment of requirements 
for the degree of Doctor of Philosophy, Michigan 
State College, 1954, and published with approval of 
the Director, Mich. Agric. Exp. Station as Journal 
Article 1810. 


Boatman e¢ al.(1) reported an increase in 
thyroidal I’** concentration ratio 3 hours 
after injecting I'*" in rats treated chronically 
with desoxycorticosterone acetate (DCA). It 
was postulated that this may have been due 
to the observed increase in blood radioactiv- 
ity. In contrast to this, chronic treatment of 
rats with DCA was reported to cause no 
change(2) or a decrease(3) in 24 hour thy- 
roidal I"? collection. In man(4) a decrease 
was also observed. Except for the report(5) 
that an increased amount of NaCl in the diet 
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TABLET. Effects of DCA and 0.9% NaCl on 3 Hr Thyroid Uptake of I** in Adrenalectomized 


Rats. 


10 rats in each series. 


eee 


: Thyroid Urine 
Body Thyroid 1s, ieee Plasma I'*', Muscle I‘ 
Treatment wt, g wt, mg % dose % dose % dose/g ‘‘space,’’t % 
Controls 161 19.4 5.6 10.0 M5) 19.3 
DCA, 1.25 mg/100 g 162 17.4 8.8* 9.5 .69 19.4 
0.9% NaCl, 5c¢e/100¢ 163 19.7 7.6 22.0 .o2* 24.4% 
ny 2 oll) i 164 18.3 DSi 19.4 45* 24.2* 


* By analysis of variance significantly different from controls at 5% level. 


% dose/g muscle 
9 


% dose/g plasma 


of mice enhances the goitrogenic properties 
of the Remington iodine deficient diet, no 
reference to the effect of salt administration 
on thyroid function has been found. The 
present experiments were undertaken to de- 
termine the acute effect of DCA and physio- 
logical saline solution on short term thyroidal 
uptake of I?°!. Concomitant measurements 
of blood plasma radioactivity and total urin- 
ary I'*! output were made to determine the 
effect of the treatments on the extrathyroidal 
distribution of radioactive iodide. 


Materials and methods. Eight to 10 days 
before the experiment, adult male albino rats 
received ad libitum an iodine deficient diett 
with tap water to drink. The adrenals were 
removed at this time by a dorsal approach. 
The rats were given a daily subcutaneous 
dose of 0.25 mg DCA in corn oil. Complete- 
ness of operation was ascertained by gross ex- 
amination for adrenal tissue at autopsy. Each 
rat received intravenously in a femoral vein 
exposed under light ether anesthesia 0.5 ml 
solution containing 20 uc I'*! with 8.5 ug 
carrier I!27 as NaI. Food and water were 
removed immediately before I’*! injection. 
DCA, as a suspension in 0.1 to 0.2 ml corn 
oil and 0.9% NaCl solution (Merck Re- 
agent), warmed to approximate body temper- 
ature, were injected intraperitoneally im- 
mediately after [#1 Exp. I contained 4 
groups of adrenalectomized rats (Table I). 
The rats were placed by groups in metabolism 
cages for collection of urine; before removal 
of each rat from the metabolism cage the 
bladder urine was expressed manually. Rats 


+ “Jodine Deficient Diet,” General Biochemicals, 
Chagrin Falls, O. 


were sacrificed by decapitation 3 hr after ad- 
ministration of I'*', and freely flowing blood 
collected into a beaker containing a drop of 
heparin. A muscle sample was obtained from 
the non-injected thigh. Exp. II contained 6 
groups of rats (Table II). The animals were 
sacrificed 14% hr after I'*" injection, and 
blood was collected as before. Plasma and 
urine samples were weighed to the nearest 
mg in l-in. pyrex dishes. A few drops of 
solution containing 1% Nal, 1% casein, 1% 
phenol and 1% NaHSOs: were added to each 
sample to inhibit oxidation and sublimation 
of iodine. Thyroid glands were dissected 
cleanly, weighed rapidly to 0.1 mg and placed 
in the center of similar pyrex dishes.  Ali- 
quots from the injection solution were mixed 
with plasma for use as standards. After dry- 
ing to constant weight, all samples were 
counted with an end-window Geiger-Muller 
tube and a laboratory scaler. Counts were 
corrected for physical decay, and in the case 
of plasma, urine and muscle, for self absorp- 
tion of beta radiation. Results are expressed 
as % of injected dose. 


Results. Rats receiving both DCA and the 
larger dose of physiological saline accumu- 
lated significantly increased amounts of I1*? 
in their thyroids at 3 hr (Table I). DCA 
treated rats did not differ from controls in 
plasma radioactivity, % of dose found in 
their urine or in their muscle iodide space. 
The increased thyroidal I??? accumulation oc- 
curred in saline-treated rats despite the fact 
that their plasma radioactivity was signifi- 
cantly less and their muscle iodide space and 
urinary excretion of I'*! was significantly 
greater than in either the control or DCA- 
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TABLE II. Effects of DCA and 0.9% NaCl on 1144 Hr Thyroid Uptake of I’* in Adrenalecto- 
mized and Intact Rats. 
De 


Thyroid 
No. of Body Thyroid ee Plasma ™, 
Group Treatment ‘rats wt, g wt,mg %dose % dose/g 

Adrenalectomized Controls 21 123 12.3 66 1.20 

DCA, 1.5 mg/100 g 20 120 11.5 .65 1.16 

0.9% NaCl, 10 m1/100 g 20 120 12.1 .95* 91* 
Intact Controls 21 133 12.9 46 EIU 

DGA, 1.5 mg/100 g 20 129 107 45 99 

0.9% NaCl, 10 ml1/100 g 19 131 Led 3)5) 85 


* By analysis of variance significantly different from controls at 5% level. 


treated groups. 

The only significant intergroup difference 
in thyroid uptake in the second experiment 
(Table II) is the increase in thyroidal I'*1 
uptake in the saline-treated adrenalectomized 
group. Radioactivity of the blood plasma was 
reduced significantly in both the adrenalec- 
tomized and intact saline-treated rats. 


Discussion. In view of the precautions 
taken in these experiments to standardize 
iodine intake, the increased thyroidal ac- 
cumulation of I7*! after both DCA and physi- 
ological saline solution should represent an 
increased amount of inorganic iodine fixed. 
The early uptake of radioiodine by the thy- 
roid is known to be influenced by the thyroid 
to plasma I! ratio, by the rate of conversion 
of inorganic to organic iodine and perhaps by 
the rate of blood circulation through the 
gland. There is no good evidence to suggest 
from these data which of the 3 may have 
been augmented in the treated groups. In 
contrast to earlier observations(1) regarding 
the effect of chronic DCA treatment on [#1 
concentration ratio, the increase in 3 hr up- 
take of I'*! after administration of DCA was 
observed without any increase in blood radio- 
activity. A most interesting situation existed 
in the saline treated animals in that both the 
1% and 3 hr uptake of I**1 increased despite 
a significant decrease in plasma I"? level. 


Whether it is valid to compare the effect on 
the thyroid of DCA and physiological saline 
solution cannot be shown from the data avail- 
able. Yet, speculation is attractive as to 
whether DCA might have a typical inorganic 
ion or water shifting effect at the level of the 
thyroid itself that results in a changed ca- 
pacity to concentrate iodine and that the 


saline solution might have simulated the 
changes produced by DCA. 

Summary. Adrenalectomized male rats, 
fed an iodine deficient diet and maintained on 
Y% mg DCA daily, were injected intraven- 
ously with I**! containing 8.5 pg of iodide 
carrier. Thyroidal collection of I'*! increased 
at 3 hr after 1.25 mg DCA/100/2,, but not 
at 11% hr after 1% mg DCA/100 g, the DCA 
being given intraperitoneally immediately 
after I?! in both groups. There was no 
change from controls in plasma I'*! level or 
urinary I'*! excretion. Under similar condi- 
tions, adrenalectomized rats showed increased 
thyroidal I'** collection 3 hr and 1% hr after 
intraperitoneal injection of 10 ml 0.9% 
NaCl/100 g. This occurred despite decreased 
plasma radioactivity and increased urinary 
I'*! excretion. Intact rats studied under the 
same conditions showed no change from con- 
trols in thyroidal I'*! collection, but had less 
radioactivity in their blood plasma. 


We wish to thank Dr. W. D. Baten for his guidance 
in statistical analysis of these data. The DCA was 
generously supplied by Chemical Specialties Co., New 
York City. 
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Cortically-Evoked Pinna Movement in the Cat. (22103) 


A J. K. Mertis anp C. T. Lomproso. 


National Veterans Epilepsy Center and Neuropsychiatry Service, Boston V.A. Hospital, and Seizure 
Unit, Children’s Medical Center, Boston. 


Ferrier’s(1) observation that stimulation 
in the cat ectosylvian region evoked ear move- 
ment, led him to postulate that this region 
constituted the auditory area. Bremer(2) 
considered that such topographic overlap of 
sensory and motor representations of various 
body parts has functional significance in in- 
dicating a mechanism subserving simple corti- 
cal reflexes. Although Ferrier’s postulated 
auditory area has been amply confirmed by 
histologic and neurophysiologic studies, there 
are data indicating that acoustic stimulation 
also evokes cortical potentials in areas outside 
the ectosylvian gyrus. Mickle and Ades(3) 
and Bremer(4) observed such evoked poten- 
tials in a region roughly corresponding with 
somatic sensory Ii. We noted another region 
of activation more medially situated in the 
suprasylvian gyrus(5). Maps __ indicating 
cortical area for pinna movement reveal some 
discrepancies in localization (Fig. 1) (1,6,7, 
8,9). Actual data are scanty; e.g., Woolsey 
and Walzl(8) merely state that the suprasyl- 
vian area enclosed by broken lines ‘‘is the 


FERRIER (1876) 


CLAES (1938) 


WOOLSEY & WALZL (1942) 


‘motor’ area for the pinna” (their Fig. 10) 
and, similarly, Claes(9) gives no data sup- 
porting her “area for auricular movements.” 
Ward and Clark(10) reported, as infrequent 
finding, that stimulation of anterior end of 
middle suprasylvian gyrus produced move- 
ment of the contralateral ear. 

In studies of suprasylvian auditory re- 
sponse area our observations indicate a sens- 
ory-motor overlap, which reconcile, to some 
degree, discrepant findings in earlier reports. 

Methods. Observations were made on 10 
adult cats anesthetized with Dial-urethane, 
50 mg/kg, or Nembutal, 35-50 mg/kg intra- 
peritoneally, and on 2 modified “encéphale 
isolé” preparations. In the latter, operative 
procedures were carried out under ether anes- 
thesia and the animal allowed to regain con- 
sciousness under artificial respiration after 
transection of the cord at C3 and infiltration 
of operative sites with procaine. The C3 
level, rather than the bulbospinal level of 
Bremer, was chosen since a major portion of 
innervation of the pinna is derived from Cl 


MANN (1896) 


GAROL (1942) 


FIG. 1. ‘‘Motor area’’ for pinna movement as reported by other authors (reproductions of 
original diagrams). 
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and C2 segments. Various degrees of ex- 
posure of one or both hemispheres were made 
and stimulation carried out with bipolar 


platinum electrodes (inter-electrode distance. 


0.5-1 mm) leading from a Grass square wave 
stimulator. Optimal parameters of stimula- 
tion were determined and observations of 
pinna movements were recorded cinema- 
tographically. In some experiments in which 
the areas of acoustically-evoked potentials 
were defined, the electrocorticogram was re- 
corded by a Grass Model III electroenceph- 
alograph, using wick electrodes. 

Results. Exploration of lateral surface of 
cortex, made accessible by wide exposure, re- 
vealed that pinna movements were evoked 
from 2 small discrete areas, one in the ecto- 
sylvian gyrus (ES), lying within Auditory I 
area, and the other in the suprasylvian gyrus 
(SS) roughly corresponding with  supra- 
sylvian auditory receptive area mentioned 
above (Fig. 2). Since wide exposure of a 
hemisphere virtually destroys the ipselateral 
pinna, smaller exposures were made and care 
taken to preserve muscle and fascial attach- 
ments of the pinna as much as possible. It 
was then noted that the 2 responses differed 
significantly 7.e., ES response was always bi- 
lateral, whereas SS response was always uni- 
lateral, involving the contralateral pinna. 

Actual movement of the ear varied some- 
what from animal to animal, the most consis- 
tent pattern from SS stimulation consisting of 
an initial pricking up and cupping of the 
contralateral ear. If the stimulus was con- 
tinued, this was followed by a “laying back” 
of the ear; 7.€., ear was retracted so that it 
lay in the plane of the dorsal convexity of the 


FIG. 2. Cortical areas from which pinna move- 
ments are evoked by electrical stimulation. 


CoRTICALLY-EVOKED PINNA MOVEMENT 


skull. With ES stimulation, the most com- 
mon response was a pricking up of both ears, 
without cupping. 

Both areas were approximately equal in 


size, and under conditions of these experi- — 


ments covered approximately 20-30 sq mm in 
a given animal. No consistent differences in 
pattern of pinna movement could be deter- 
mined by stimulation of different points 
within the responsive areas, even with closely 
spaced electrodes and threshold stimulus in- 
tensities. 

The most effective parameters of stimula- 
tion for SS were 40-60/sec, pulse duration 
5-10 msec, and 4-6 volts output. Pulse dura- 
tions briefer than 2 msec rarely evoked re- 
sponses. The required duration of stimulus 
was a few seconds. Changing parameters of 
frequency and pulse duration produced no 
significant changes in pattern of ear move- 
ment, if the stimuli were effective at all. With 
suprathreshold stimulation the required stim- 
ulus duration decreased, and initial pricking 
up of ears tended to disappear, movement 
consisting mostly of retraction. Antecedent 
stimulation frequently facilitated the  re- 
sponses from SS, so that with a series of 
stimulations, latency might be shortened to a 
small fraction of a second. In this way, a 
previously ineffective stimulus frequency of 
5 or 10/sec might now become effective and 
evoke pinna twitches which followed the 
stimulus frequency. No marked. extinction 
phenomena were noted. 

ES required similar parameters of fre- 
quency and pulse duration, but in general had 
somewhat higher threshold than SS. In a 
number of experiments with good SS _re- 
sponses, no pinna movements could be elicited 
from any portion of the ectosylvian gyrus. 
The converse was not observed. When pres- 
ent, ES responses required somewhat higher 
voltages (6-10 v) and longer stimulus dura- 
tions. No gross facilitation by antecedent 
stimulation was demonstrated for ES re- 
sponses, which were also more susceptible to 
anesthesia, disappearing earlier than SS with 
increasing depth of narcosis. 

Prolonged stimulation of SS frequently re- 
sulted in  after-discharge manifested by 


| 
| 


CorTICALLY-EVOKED PINNA MovEMENT 


twitches of contralateral pinna. These seiz- 
ures sometimes spread to involve contra- 
lateral face, but frequently remained limited 
to the pinna. Such post-stimulus effects were 
never observed after ES stimulation, despite 
use of strong and prolonged stimulation. Lo- 
cal application of strychnine to SS was fol- 
lowed by spontaneous twitches of contra- 
lateral ear, twitches being coincident with 
strychnine spikes as recorded electrocortico- 
graphically. Although less consistently ob- 
tained, strychninization of ES evoked bilat- 
eral ear twitches of lesser magnitude. 


Ablation of ectosylvian or cruciate gyri did 
not influence responses obtained from SS 
stimulation, nor did ablation of SS abolish 
responses evoked by stimulation of ES. 


SS responses were easily obtained from the 
modified encéphale isolé preparations, the 
fundamental pattern being similar to that ob- 
served in anesthetized animals. 


Frequently, but not consistently, stimula- 
tion of SS evoked conjugate deviation of eyes 
to the opposite side, in addition to contra- 
lateral pinna movement. Such eye movements 
were not observed with ES stimulation, al- 
though reported to occur by Ferrier. 

Discussion. There are 15 muscles which 
move the external ear of the cat; 7.e., change 
its orientation in space, and an additional 6 
which change orientation of its parts to each 
other; e.g., “cupping’(11).. With such a 
complex of muscles, a considerable range of 
variability of movement pattern is conceiv- 
able. However, movements which have 
meaning to the human observer are limited 
to a few gross patterns such as pricking up 
of ears, as though “alerted,” and laying back 
of ears, as though enraged. Behavioral inter- 
pretations of observed ear movements evoked 
by electrical stimulation face obvious difficul- 
ties. Nevertheless, the demonstration of uni- 
lateral responses from one cortical region as 
opposed to bilateral responses from another, 
represent two significantly different patterns 
of motor response. 

It is difficult to determine, from reports of 
other investigators, whether any differentia- 
tion between bilateral and contralateral pinna 
movements has been made. It appears that 
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other observers considered that ear move- 
ments represented an exploratory or alerting 
reaction to sound. Behaviorly, at least two 
types of auditory alerting must be considered. 
In one there is a generalized alerting: i.¢., 
both ears prick up and the animal becomes 
generally attentive without specific reference 
to the source of stimulus. This seems a re- 
sponse mediated by the ES area. In the 
other type, the animal becomes attentive to 
the particular region in space from which 
acoustic stimulus arises. One or both ears 
may respond, with the ear ipselateral to the 
stimulus source turning laterally or cupping, 
and head and eyes perhaps turning to that 
side. 


Our studies of suprasylvian potentials 
evoked by acoustic stimulation indicate that 
these responses are largely evoked by stimu- 
lation of contralateral ear. Since this same 
area, when stimulated electrically, evokes 
pinna movement restricted to the opposite 
ear and, frequently, conjugate deviation of 
eyes to opposite side, it is suggested that this 
suprasylvian area mediates a cortical reflex 
concerned with “directed alerting’; 7.e., with 
an alerting reaction focussed toward the side 
from which acoustic stimulus originates. 


Only part of the cortical efferent discharge 
evoked by afferent volley is directed towards 
motoneurones of brain stem or spinal cord, 
and a study of sensory-motor overlap gives 
information on only one aspect of function of 
such a region. Ability to localize sound in 
space has been attributed to asymmetrical ac- 
tivation of ectosylvian auditory area of the 
two hemispheres(12). The data here pre- 
sented suggest that the suprasylvian region 
may also play a role in the mechanism of 
sound localization. 


Summary. 1. Pinna movements in the cat 
are evoked by electrical stimulation of two 
discrete cortical areas. One, in the ectosyl- 
vian gyrus (ES) evokes movements of both 
ears; the other in the anterior suprasylvian 
area (SS) is of lower threshold, and evokes 
movement of the contralateral ear alone. 2. 
Both areas are topographically situated in re- 
gions in which acoustic stimulation evokes 
electrical responses. 3. The 2 areas of sen- 
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sory-motor overlap are considered to mediate 
2 different cortical reflexes, the ES response 
of generalized alerting to unlocalized sound, 


and SS response one of oriented alerting to” 


localized sound. 
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It has been suggested that the erythro- 
phagocyte may be a fragile cell(1) but con- 
trolled studies have not appeared in the liter- 
ature. Studies presented here were designed 
to obtain quantitative data on this point as 
part of a study of properties of the erythro- 
phagocyte and the nature of erythro- 
phagocytosis. Erythrophagocytosis can be 
produced in vitro(2) by incubating phago- 
cytic leucocytes with red cells sensitized by 
antibodies or other surface altering sub- 
stances(3,4). A method for producing 
erythrophagocytes in high percentages in a 
uniform manner using iso-agglutinins was de- 
veloped and used. 

Definitions and method. For purposes of 
this experiment the erythrophagocyte is de- 
fined as any white blood cell which has in- 
gested one or more red cells, red cell ghosts, 
or large fragments of either. Finely vacuo- 
lated cytoplasm in a leucocyte was not con- 
sidered evidence for erythrophagia. White 
cells found erythrophagocytic under suitable 
conditions included neutrophiles, eosinophiles, 
and monocytes. This is in agreement with 
previous work(5,6). Of this group of cells 
only the neutrophile was present in appreci- 
able percentages in the blood used, hence, our 


data applies to the neutrophilic erythro- 
phagocyte. Cell survival time refers to in 
vitro period of morphologic integrity as indi- 
cated by presence of cell membrane or well 
defined cytoplasmic border seen by phase 
microscopy, chamber examination using spe- 
cial diluent, or on differential smear. Blood 
from normal, type A and O Rh negative white 
adult donors was used as source of red cells 
and anti-sera repectively. In plasma from 
type O donor, the anti-A titer was at least 
1:512. The same red cell and anti-sera don- 
ors were used throughout. Anti-sera showed 
no agglutinating or lysing properties against 
the leucocytes used. White blood cells were 
obtained from normal type O adults and 
adult patients with elevated leucocyte counts 
and high neutrophile percentages. Blood 
was drawn in 5 cc samples to which 0.01 cc 
heparin (50 mg/cc) had been added. 
Erythrophagocytic activity does not appear 
to be altered by presence of anticoagulants 
(4,5). Blood from each donor was centri- 
fuged 3 minutes at 2500 rpm promptly after 
drawing. The buffy coat from the leucocyte 
donor was removed with red cells and plasma 
to yield a mixture containing approximately 
60% cells and 40% plasma by volume. Cells 
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TABLE I. Results of 14 Determinations in Normal Adults of 50% Survival Times (ST50) of 
Control and Experimental Neutrophiles Subject to Mechanical Trauma, 
es EEE 


' : Ratio of % erythro- % neutrophiles 
ST50 ST50 ST50 control phagocytes — erythrophago- 
experimental control to ST50 exper. in total WBC 5 cyti¢c Total WBC 
135 265 1.96 40 97 6850 
144 289 2.01 48 100 6950 
149 285 1.91 56 100 7400 
135 255 1.89 60 99 6700 
122 252 2.07 52 98 8050 
108 250 2.31 66 96 7250 
132 268 2.03 48 100 7250 
144 295 2.05 58 100 8500 
180 378 2.10 56 96 7650 
180 360 2.00 68 99 6200 
333 386 1.16 55 98 6950 
144 351 2.44 64 100 7900 
135 845 2.56 48 100 6950 
IEA 2.60 56 96 6100 
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in this mixture were transferred to Wintrobe 
tubes placed in 37°C water bath, and tilted 
for rapid sedimentation by gravity to produce 
a leucocyte rich plasma. Final incubation 
mixtures placed in 5 cc test tubes consisted of 
1.5 cc of anti-A plasma to which had been 
added 0.50 cc of leucocyte rich anti-A plasma 
and 0.025 cc of saline washed type A red 
cells. The leucocyte count in these mixtures 
varied from 8000-10000 cells/cu mm. When 
necessary, in samples from white cell donors 
with marked leucocytosis adjustment of cell 
count to this level was made by dilution with 
plasma from the same donor before adding 
the samples to incubation mixture. Mixtures 
were incubated 1 hour in 37°C water bath 
then transferred to 125 cc Erlenmeyer flasks, 
each containing six 3 mm round, glass beads, 
and placed on mechanical rotator at 180 rpm. 
The initial aliquot was taken prior to start of 
mechanical trauma. Temperature during 
period of trauma was maintained at approxi- 
mately 35-37°C by placing flasks in a closed, 
insulated, electrically warmed box fastened 
to mechanical rotator. White cell counts and 
differential smears were obtained on initial 
sample and on each 0.15 cc interval aliquot. 
300 consecutive white cells were counted for 
each differential. No attempt was made to 
differentiate between young and old neutro- 
philic forms of erythrophagocytes. Two sepa- 
rate pipettes and chambers were used for each 
cell count. All cells were counted using 
high power objective. A fresh solution of 


Giemsa stain in isotonic saline was employed 
as diluent. Turk’s solution containing acetic 
acid or any hypotonic diluent tended to rup- 
ture erythrophagocytes. Our method left 
some red cells intact but their relatively small 
numbers did not interfere with leucocyte 
counts. Some clumping of white cells oc- 
curred after trauma began, as observed by 
others(7) but reproducible white counts were 
obtainable. Clumping was frequently marked 
if white cells other than those from type O 
donors were used. Comparison of differential 
counts made on smears with those made in a 
phase counting chamber using phase micro- 
scopy revealed close agreement showing that 
smearing did not measurably destroy erythro- 
phagocytes. This was supported less directly 
by relatively slight decline in erythrophago- 
cytic percentage in untraumatized control 
groups examined by smear. Control mixtures 
were employed with each series. The major 
control group contained anti-A plasma and 
white blood cells in the same quantity as in 
experimental group, however, type O red cells 
were substituted for type A to prevent their 
sensitization and subsequent ingestion by 
white cells. Other mixtures identical with 
those mentioned above but not subject to 
mechanical trauma were also used. In each 
instance, cells and plasma were obtained from 
the same donors as in experimental series. 
Results. The results of 14 determinations 
using white blood cells from normal adult 
type O donors are shown in Table I. Total 
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white blood count of this group varied from 
6100 to 8500 leucocytes/cu mm. In each 
case the number of stab and juvenile forms 
was less than 6%. Neutrophilic erythro- 
phagocytes contained an average of over 2 
ingested red cells, ghosts, or large fragments 
and at times as many as 9. About 34 of these 
appeared to be ghosts. Following a Lepehne 
(8) stain for hemoglobin varying amounts of 
this pigment could be demonstrated in many 
red cell ghosts. Donor No. 1 provided anti- 
sera for the entire group as well as white cells 
for the first determination. Survival times of 
50% of cells (ST50) were obtained from 
curves plotting percentage of remaining cells 
against time. In every instance ST50 of the 
control neutrophiles exceeded that of erythro- 
phagocytic neutrophiles. To provide a meas- 
urement of relative fragility of cells under 
those experimental conditions the ratio of 
ST50 of the control to STS0 of experimental 
groups was tabulated (column 3, Table I). 
The average value of this ratio equaled 2.08 
with standard deviation of 0.34. 


In patients with leucocytosis and neutro- 
philia with varying degrees of “shift to the 
left” similar survival times were done. 
These are shown in Table II. The ratios for 
relative fragilities in this group were some- 
what higher than for normals but of the same 
general order of magnitude. 


The disappearance of experimental neutro- 
philic erythrophagocytes and control neutro- 
philes from 14 normal donors are shown in 
Fig. 1, based on average values obtained from 
determinations of absolute neutrophilic 
erythrophagocyte and neutrophile numbers 
derived by multiplying total white cell count 
of an aliquot with percentage of these cells 
in the differential smear of the same aliquot. 
Significant differences in disappearance of 
neutrophilic erythrophagocytes and_neutro- 
philes were not found in those systems which 
did not receive mechanical trauma. 


Discussion. Results indicate that within 
the artificial system employed, neutrophilic 
erythrophagocyte is about 2 times more 
fragile than neutrophile which has not in- 
gested red cells or red cell ghosts. This 
means that antibody which is active against 


Neutrophilia. 


TABLE II. 50% Survival Times (ST50) of Experimental and Control Neutrophiles Subject to Mechanical Trauma in 6 Patients with Leucocytosis and 


% 


neutrophiles 


Ratio of 


ST50 control 
to ST50 exper. 


Total WBC 


% juveniles and 
stabs in neutro- 


% erythro- 


phagocytes 
in total WBC 


ST50 


ST50 
experimental 


phile group 


phagocytic 


Disease 


(X 1000) 


control 


Bronechiectasis 


380 3.26 92 99 42 24.5 
3.34 100 


348 


117 


Cerebral hemorrhage & bron- 


36 


90 


104 


chopneumonia 


? Pyelonephritis 


16.5 
21.0 


290 2.69 90 98 50 
2.94 36 


370 


108 
126 


Carcinoma of cervix with 


97 


86 


metastasis 


Carcinoma of prostate and 


384 2.62 88 100 64 28.0 


147 


bronchopneumonia 


Cirrhosis of liver 


450 3.84 88 98 32 14.5 
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FIG. 1. Disappearance of neutrophilic erythro- 
phagocytes and control neutrophiles subject to 
mechanical trauma with comparison of 50% sur- 
vival times. 


red blood cells can shorten survival time of 
neutrophiles present in the same system by 
promoting their conversion to fragile erythro- 
phagocytic forms. This occurs in the ab- 
sence of anti-leucocytic activity in the anti- 
body. An exact measurement of this en- 
hanced fragility, under these special circum- 
stances, may be less important than the fact 
that fragility appreciably increases. Jordan 
(9) has summarized the theories relating fre- 
quent association of leucopenia and especially 
neutropenia with erythrophagocytosis in vivo. 
There are two main concepts: (1) entrap- 
ment of large erythrophagocyte in capillaries 
of the lung, liver, and spleen and (2) action 
of leucocytic lysins. It is suggested from our 
results that leucopenia from enhanced neu- 
trophile fragility should be investigated as a 
possible explanation of this association. 
Further, this enhanced fragility may help 
explain other findings associated with some 
acquired hemolytic anemias. It has been ob- 
served that frequently erythrophagocytosis 
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is absent or minimal_in films of peripheral 
blood in cases which have demonstrable red 
cell sensitization (positive direct anti-globu- 
lin test). However, if blood from the same 
sources is incubated im vitro at 37°C, large 
numbers of erythrophagocytes may be pro- 
duced(1), suggesting that removal of circula- 
tory trauma allows these mechanically fragile 
forms to survive, although other explanations 
can be given. While considerable emphasis 
previously has been on the role of phagocytes 
in reducing the number of circulating red 
blood cells, this study gives evidence for the 
importance also of the reverse consideration, 
namely, possible role of the red cell in reduc- 
ing the number of circulating neutrophilic 
phagocytes. 

Summary. Neutrophilic — erythrophago- 
cytes were produced in high percentages by 
sensitizing type A human red cells with anti- 
A isoagglutin in the presence of viable leuco- 
cytes. These erythrophagocytes were sub- 
ject to mechanical trauma and found appre- 
ciably more fragile than neutrophiles which 
had not ingested red cells but which were 
treated in an identical manner. The possible 
significance of this decreased survival time is 
briefly discussed. 
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The inhibitory effect of streptomycin on 
hydrogen sulfide production from organic 
and inorganic sulfur compounds by uon- 
proliferating Brucellae and Enterobacteria- 
ceae was reported by Olitzki(1,2). It was 
shown that preincubation of bacteria with 
streptomycin inactivates enzymes responsible 
for H2S formation from various organic and 
inorganic sulfur compounds. These experi- 
ments were carried out using whole bacteria. 
The present paper examines the aciion of 
streptomycin on cysteine desulfhydrase in 
cell free extracts of E. coli. 

Materials and methods. The organism 
used was E. coli B/r strain. Cysteine was de- 
termined by the method of Binkley and 
Nakamura(3). Streptomycin was assayed 
by the method of Sulitzeanu and Olitzki(4). 
This method is based on growth intensity of 
a streptomycin dependent strain of Vzbrio 
and the inhibition by streptomycin of a sensi- 
tive one. Sulfide was determined by the 
method of Delwiche(5). Preliminary ex- 
periments having shown that cysteine desulf- 
hydrase of E. coli B/r is an adaptive en- 
zyme, the bacteria were grown on the sur- 
face of “Difco” nutrient agar in Roux bot- 
tles, to which cysteine at a final concentration 
of 0.1% was added aseptically. After 18 
hours incubation at 37°, the cells were har- 
vested in distilled water, centrifuged, twice 
washed in phosphate buffer (M/15, pH 7.2), 
disrupted by sonic vibration in a Raytheon 
Magnetostriction Oscillator for 15-20 min- 
utes and centrifuged at 10000 rpm for 10 
minutes. The supernatant solution was used 
in all experiments. Protein content of the ex- 
tracts was determined by the biuret method 
in a Coleman Jr. spectrophotometer at 540 
my, using a standard curve prepared for this 
purpose. Preliminary experiments on dihy- 
drostreptomycin inhibition of H»S production 
by cell free extracts of E. coli had shown a 
marked correlation between the degree of in- 


hibition and the time of preincubation of |} 
streptomycin with the extracts before the ad- | 
dition of substrate. 


utes resulted in about 5, 13, 30 and 50% in- | 
hibition respectively. Preincubation of ex- 
tracts with streptomycin for 2 and more 
hours caused almost complete inhibition of 
H.S production. In all experiments reported 
in this paper the extracts were therefore pre- 
incubated at 37° for 2 hours with streptomy- 
cin and cysteine was then added. In 
order to ascertain that the loss of 
hydrogen sulfide production was not due 
to enzyme inactivation merely by _ incu- 
bation, in each experiment controls without 
streptomycin were subjected to the same in- 
cubation. All experiments were carried out 
in small test tubes closed by rubber stopper 
to prevent loss of hydrogen sulfide. For 
sulfide determination the reaction was 
stopped by the addition of sodium hydroxide. 
For cysteine determination the reaction was 
stopped by trichloracetic acid. In some ex- 
periments the extracts after preincubation 
with streptomycin were dialysed against dis- 
tilled water. The dialysis was carried out in 
a cold room at 5°, with stirring for 18 and 35 
hours before the substrate was added, the 
water being changed every 8 hours. 


Results. Effect of streptomycin concen- 
tration on HS production from cysteine. To 
determine the minimal concentration of 
streptomycin required for almost complete 
inhibition of hydrogen sulfide production, 1 
ml of extracts, equivalent to 7 mg protein, 
was preincubated for 2 hours with amounts 
of streptomycin ranging from 40 to 0.3 pg. 
After preincubation 10 pmoles cysteine was 
added. The pH of the reaction mixture was 
adjusted by phosphate buffer to 7.2 and 
sulfide was determined after 2 hours incuba- 
tion at 37°. Samples without streptomycin 
were run as controls. The results (Table I) 


Preincubation of extracts | 
with streptomycin for 15, 30, 60 and 90 min- | 
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TABLE I. Effect of Streptomycin Concentration 
on H.S Production from Cysteine. 


Annt of strepto- 
mycin (preincu- 


bated uwg/7 mg Sulfide pro- % 


protein) duced (uwmoles) inhibition 

40) ally 92 
20 aly) 92 
10 3 87 
5 70 (al 
2.5 14 42 
1.25 1.58 35 

6 172 29 

i) 1.82 25 

0 2.43 0 


Conditions as described in text. 


show that the lowest concentration of strep- 
tomycin required for more than 90% inhibi- 
tion of hydrogen sulfide production from cys- 
teine was 20 yg per 7 mg protein. 

Effect of cysteine concentration on HS 
production in presence and absence of strep- 
tomycin. Increasing amounts of cysteine 
were added to the extracts with and without 
preincubation with streptomycin in order to 
determine whether or not the inhibition of 
hydrogen sulfide production by streptomycin 
is of a competitive type. The results are 
summarized in Table II. Increasing the cys- 
teine concentration until the system was sat- 
urated with the substrate caused a corres- 
ponding increase in hydrogen sulfide produc- 
tion by extracts not preincubated with strep- 
tomycin. The failure to produce hydrogen 
sulfide by preincubated extracts was not 
overcome by increase of cysteine concentra- 
tion, indicating that the inhibition of hydro- 
gen sulfide production from cysteine by 
streptomycin is not of the competitive type. 


TABLE II. Effect of Cysteine Concentration on 
H.S Production by Extracts of #. coli with and 
without Streptomycin. 


Sulfide produced (ymoles) 


Without With 
Cysteine (umoles) streptomycin streptomycin 
10 4.10 30 
20 HAMS .30 
40 8.12 30 
80 5.93 .26 


Each vessel contained: Phosphate buffer (pH 
7.2) 100 pmoles, cysteine as indicated, extract 
equivalent to 7 mg protein, streptomycin (when 
added) 20 wg. Sulfide was determined after 3 hr 
incubation at 57°, 
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To exclude the possibility that the loss of hy- 
drogen sulfide production was due to some 
interaction between dihydrostreptomycin and 
cysteine the following experiments were car- 
ried out: 

1. To extracts with and without strepto- 
mycin, cysteine was added and after 3 hours 
of incubation at 37° aliquots were tested for 
the presence of cysteine. The results showed 
that in the presence of streptomycin all added 
cysteine remained free and could be recov- 
ered. The following experiments with di- 
alysed extracts served the same purpose. 

2. Extracts without and in the presence of 
streptomycin (20 »g/7 mg protein) were di- 
alysed as described above. After dialysis, 


TABLE III. Effect of Dialysis of Extracts of #. 
coli on H.S Production from Cysteine, with and 
without Preincubation with Streptomycin. 


Preyious treatment of 
extracts 


r = , Ineubation 
Preincubation with Sulfide 
with Dialysis cysteine produced 
streptomycin (hr) (hr) (umoles) 
Not preincubated 1 1.25 
Ue ie 2 2.12 
Preincubated 1 2 
2 2 ili) 
Not preincubated 35 1 63 
” ” ” 2 1E20 
a 9m) “6 3 1.79 
Preineubated % 1 .07 
ee e 2 10 
” ” 3 eh) 


Each vessel contained: Extract equivalent to 7 
mg protein, cysteine 10 wmoles, phosphate buffer 
(pH 7.2) 100 ymoles, streptomycin (when present) 
20 wg. Final vol, 3 ml. 


cysteine was added and hydrogen sulfide 
determined after various periods of incuba- 
tion. Dialysis for 35 hours caused about 
40% loss of activity of cysteine desulfhy- 
drase, in extracts without streptomycin. An 
almost complete loss of hydrogen sulfide pro- 
duction by preincubated extracts was ob- 
served when more than 75% of the original 
amount of streptomycin was removed by 
dialysis as shown in Table III. It was ob- 
served that after 18 hours of dialysis of an 
aqueous solution of streptomycin containing 
125 pg in a volume of 5 ml, 5.5 »g/1 ml re- 
mained and after 35 hours of dialysis no 
streptomycin was left. When extracts con- 


160 re 


fe) 


{o} 


2 3 
TIME IN HOURS 


FIG. 1. The kinetics of HS production from cys- 
teine by extracts of #. coli without and after pre- 


incubation with streptomycin. Each vessel con- 

tained: Extracts equivalent to 7 mg protein, cys- 

teine 10 ywmoles, phosphate buffer (pH 7.2) 100 

pwmoles. Final vol, 3 ml. Continuous line ( ) 

H.S production by extracts without streptomycin. 

Dotted line (----- ) Idem, with streptomycin (20 
ug). 


taining the same concentration of streptomy- 
cin (25 p»g/1 ml extract equivalent to 10 mg 
protein) in the same total volume were 
dialysed under the same conditions, the 
amount of streptomycin left was 19.8 and 7.1 
pg/1 ml respectively. These experiments 
showed that in the presence of extracts of 
E. coli, diffusion of streptomycin was re- 
tarded. However after 35 hours of dialysis 
the concentration of streptomycin was too 
low to give appreciable inhibition of hydrogen 
sulfide production from cysteine by non 
dialysed extracts. In spite of this there was 
almost complete inhibition of hydrogen sul- 
fide production by dialysed extracts, indicat- 
ing the irreversibility of cysteine desulfhy- 
drase inhibition by streptomycin. 

Discussion. It seems evident that low con- 
centrations of streptomycin (20 »g/7 mg pro- 
tein) caused almost complete and irreversible 


DIHYDROSTREPTOMYCIN INHIBITION CYSTEINE DESULFHYDRASE 


inactivation of cysteine desulfhydrase of &. 
coli. The inactivation became apparent after 
2 hours preincubation of streptomycin with 
extracts. A shorter preincubation time caused 
a corresponding smaller effect. Similar ob- 
servations were made by following authors: 
Geiger(6) observed that in &. coli strepto- 
mycin inhibited aspartate oxidation but only 
after 1-2 hours had elapsed. Umbreit and 
Tonhazy(7) had shown that streptomycin 
inhibition of oxygen uptake by rat kidney 
mitochondria in presence of fumarate and 
pyruvate was evident only when streptomycin 
has been in contact with mitochondria for a 
period of 2 hours in the cold before the sub- 
strates were added. Paine and Clark(8) had 
shown that the inhibitory effect of strepto- 
mycin on oxygen uptake by resting cells of 
E. coli became apparent after 1-2 hours incu- 
bation. 


Summary. 1) The effect of streptomycin 
on the cysteine desulfhydrase in cell free ex- 
tracts of E. coli is reported. 2) 2:5 pgx08 
streptomycin/1 mg of crude extract protein 
caused almost complete inhibition of enzyme 
activity. 3) Inhibition is of a non-competi- 
tive type, since it is not reversed by increas- 
ing concentrations of substrate. 4) Inhibition 
is irreversible, since the removal of strepto- 
mycin by prolonged dialysis did not cause a 
restoration of enzyme activity. 
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Rapid Freezing and Thawing of Whole Blood. _(22106) 
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Destruction of erythrocytes following 
freezing and thawing is so familiar a phe- 
nomenon as to have become a recognized pro- 
cedure for obtaining complete red cell hemol- 
ysis. Only in very recent years have the 
basic principles underlying freezing in biology 
been. sufficiently well established to suggest 
some of the causes of this hemolysis as well 
as means by which it might be avoided. It 
has long been recognized that there is a sub- 
stantial difference between the results of rapid 
and slow freezing in biology. More recently 
this has been placed on a less empirical basis 
by the demonstration that slow freezing 
causes the formation of exclusively extracel- 
lular ice crystals which plasmolyze but do not 
necessarily rupture the cells while rapid freez- 
ing causes the formation of numerous intra- 
cellular ice crystals(1). When blood is slowly 
frozen, it has been shown that it is the dehy- 
dration and resultant electrolyte concentra- 
tion which destroys the cell rather than the 
physical presence of the extracellular ice crys- 
tals(2). The success of glycerine in prevent- 
ing the hemolysis of frozen erythrocytes can 
be attributed to the reduction in dehydration 
effected by the ability of glycerine to bind to 
itself and retain in solution much of the water 
which would otherwise have crystallized(3). 
Rapid freezing entails a considerably differ- 
ent problem and the only hope for subsequent 
survival lies in obtaining a crystal size suf- 
ficiently small to be benign despite the intra- 
cellular distribution. Luyet(4) has recovered 
morphologically intact erythrocytes after rap- 
idly freezing and thawing a thin smear of 
blood on a cover slip but there are no other 
reports known to the authors in which the 
surface-to-volume limitations for rapid heat 
exchange were adequately recognized. Where 
the formation of extremely small intracellu- 
lar crystals is tolerated it is presumed that 


* Present address: Department of Biophysics, Yale 
University, New Haven, Conn. 


the denaturing effect of removing water from 
solution can be reduced to an insignificant 
level by the rapid attainment of and storage 
at low temperature. 

Since both the attainment of small ice crys- 
tals and the prevention of denaturation de- 
pend upon very rapid freezing to low tem- 
perature, the major problem is simply one of 
efficient heat exchange. Studies in the kinet- 
ics of freezing and thawing(5) have shown 
that the most efficient shape for heat ex- 
change is the very small sphere and that the 
exchange of latent heat, particularly in thaw- 
ing, is so demanding that every possible ad- 
vantage that may be gained through speci- 
men geometry must be exploited to the ut- 
most if the transition from liquid to solid and 
back to liquid is to be sufficiently rapid. Fur- 
ther discussion of the theory and mechanism 
of the freezing of whole blood may be found 
in a more extensive paper on this subject to 
be published elsewhere(6). 


Method. In view of the above remarks it 
can be seen that the first obstacle to success- 
ful rapid freezing of whole blood is the at- 
tainment of sufficiently fine droplet form with- 
out injury. Many means have been tried: 
the conventional atomizer, spinning disc and 
many types of jet, all with widely varying de- 
grees of success. The method ultimately 
adopted was to spray the blood through a 
rapidly oscillating capillary jet drawn to an 
0.18 mm aperture from 2.5 mm I.D. vinyl 
tubing. The fine droplets, ranging from .45 to 
.9 mm in diameter, are sprayed directly onto 
the surface of liquid nitrogen or liquid air 
where they float for a second, then sink to the 
bottom of the vessel. Reconstitution is 
achieved simply by sprinkling the frozen 
blood, which now resembles a fine sand, into 
plasma or physiological saline at 42°C. 
Throughout the developmental stages, spon- 
taneous hemolysis was used as the criterion 
for erythrocyte injury. 
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TABLE I. Post-Transfusion Survival of Erythrocytes after Freezing and Thawing Expressed 
as Percent of Whole Blood Radioactivity 15 Min. after Injection. 


Days post-transfusion 


Subject yoo 1 2 8 4 5 6 7. 8 12 13 -O0N 3 By eto 
HM (autog.) 94 86 82 77 87 70 54 55 45 32 85 21 15 de 
EK (homol.) 101 82 78 67 69 64 52 55 01 


Results. Following the standardization of 
the jet method as the least traumatic, recov- 
ery of intact erythrocytes was still rarely bet- 
ter than 50%. Because of these consistently 
poor although promising results, a compro- 
mise was introduced in the form of added dex- 
trose designed to reduce the crystal growth 
rate(6) as well as to bind additional water 
and reduce the ultimate amount of ice forma- 
tion. This produced an immediate improve- 
ment in percent recovery when added at the 
rate of 0.07 g/cc whole blood, reducing the 
spontaneous hemolysis to between 15 and 
20%. 

At this stage, 100 ml of dog blood were 
frozen, thawed, tagged with Cr°!(7) and re- 
infused into 2 dogs in order to determine the 
in vivo survival of the erythrocytes. Partly 
because of the fragility of dog erythrocytes 
and partly because of poor blood handling 
technic in this particular experiment, over 
60% spontaneous hemolysis resulted from 
freezing and thawing alone. Of those cells 
remaining intact, only 18% were still present 
in the recipient circulation after 24 hours. 

Following this equivocal result, every step 
of the procedure was reexamined. No major 
changes were made, but many minor improve- 
ments such as a change from polyethylene to 
vinyl tubing, covering the tubing with a rub- 
ber coat where it passed under the rollers of 
the peristaltic pump, making tubing and jet 
one piece instead of replaceable through a 
Luer-lok joint, and increasing the efficiency of 
heat exchange in the thawing bath, all con- 
trived to reduce the damage to freshly drawn, 
citrated blood with added dextrose to consis- 
tently less than 3% spontaneous hemolysis 
after freezing and thawing. When dextrose 
was not added, 10 to 15% hemolysis could be 
expected. Inasmuch as another dog transfu- 
sion, whether positive or negative, would have 
to be confirmed in man, this intermediate step 


was bypassed and a reinfusion of Cr?! tagged 
blood was made in a human volunteer. 

Two 100 ml aliquots of blood were drawn, 
each into a solution containing 0.32 g sodium 
citrate, 0.1 g citric acid and 7.3 g dextrose in 
25 ml of solution. One of these contained, in 
addition, 1.0 uc of Cr°! as sodium chromate in 
2 ml of solution. The tagged aliquot was 
frozen by the standard technic described 
above under experimental procedure. Fifty 
ml of plasma were removed from the un- 
tagged aliquot and used to cover the bottom 
of the reconstitution vessel. Because of the 
unaccustomed attempt to maintain a sem- 
blance of sterile technic, portions of the thaw- 
ing procedure were clumsily handled and 6% 
hemolysis resulted. An aliquot of this blood 
containing an estimated 10 ml oi cells was 
reinfused into the original donor by intra- 
venous drip. Other than a brief psychoso- 
matic response, no adverse clinical reaction 
was observed. Samples withdrawn 5, 10 and 
15 minutes following infusion showed no 
change in radioactivity. A normal red cell 
volume calculated from these values in- 
dicated no immediate loss of cells after injec- 
tion. At 6 hours a fall of 6% was observed. 
Subsequent samples taken daily for a week 
and at weekly intervals thereafter showed a 
slightly accelerated biological decay during 
the first 2 weeks with normal survival there- 
after. (Table I). A second transfusion, this 
time homologous, is also charted in Table I. 
Mechanical failure again dogged the thawing 
apparatus and was presumably responsible 
for much of the 7% spontaneous hemolysis. 
Subsequent biological decay was again accel- 
erated. Between the second and third week 
there was virtually a complete loss of blood 
radioactivity. A battery of tests failed to 
demonstrate any antigen in the donor’s eryth- 
rocytes which might have been responsible. 
Preliminary experiments in rabbits indicate 
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that there may be an alteration in the attach- 
ment of chromium to the cell when tagging is 
done prior to freezing and thawing. 

An in vitro examination of the blood plate- 
lets showed them to be substantially reduced 
in number as anticipated inasmuch as special 
precautions for platelet handling were not 
observed. Those remaining in whole blood 
after freezing and thawing appeared morpho- 
logically normal but were present in insuf- 
ficient number for any test of function. 


The following determinations were made 
on the clotting factors of the supernatant 
plasma: prothrombin time, recalcification 
time, accelerator globulin, antihemophilic 
factor, plasma thromboplastic component and 
serum prothrombin conversion accelerator. 
All were unaltered within the limits of ex- 
perimental error compared to determinations 
on the same blood prior to freezing and thaw- 
ing. 

Storage. Only the most preliminary stor- 
age experiments have been undertaken. X- 
ray diffraction studies show complete crystal- 
lization in the frozen blood on the basis of 
which it is assumed that, while storage below 
about 130°C would probably be virtually in- 
definite, higher and more practical tempera- 
tures should still permit good survival for 
months or years, limited primarily by the rate 
of denaturation resulting from the dehydra- 
tion of freezing. Exposures to temperatures 
as high as —20°C for a few minutes were 
found to be without ill effect. Preliminary re- 
sults from longer storage at —60°C are dif- 
ficult to interpret because of an accompany- 
ing acidification due to exposure to CO, from 
the dry ice coolant. Storage loss at —60°C 
was initially rather rapid, reaching 15% after 
20 days (pH 6.5) but slowing subsequently 
to less than 2% per week. There is every 
expectation that the relationship between 
storage decay and temperature will be in ac- 
cordance with the Arrhenius expression, 
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showing a logarithmic-decrease in decay rate 
with reduction in temperature. 

Conclusions. Aside from premature specu- 
lation on the application of rapid freezing to 
blood preservation and storage, it can be un- 
equivocally stated that, on the basis of in 
vivo survival, erythrocytes may be taken to 
liquid nitrogen temperature and back with- 
out destruction. The rather unusual fragility 
of the blood cell and the close relationship 
between its fragility and its state of health 
supports the impression that erythrocytes are 
particularly difficult to freeze. This in turn 
lends encouragement to the hope that other 
biological entities which can meet the rather 
stringent size requirements can be similarly 
frozen making available not only the benefits 
of long term storage, but providing also an 
intriguing new research tool through the 
study of transient phenomena interrupted 
and immobilized by the solid state. 

Summary. 1. In accordance with previ- 
ously derived criteria for non-traumatic rapid 
freezing, very small (.45-.9 mm) droplets of 
citrated whole blood with added dextrose are 
sprayed onto liquid nitrogen. The frozen 
blood is reconstituted in warm saline. 2. Two 
human transfusions of frozen and thawed 
whole blood containing erythrocytes tagged 
with Cr°! demonstrate the ability of red cells 
to survive im vivo after freezing in liquid 
nitrogen at —195.8°C. 
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Instances of isoimmunization of mice with 
their own tumors have recently been reviewed 
by Foley(1) and Snell(2). The criterion of 
immunization was ability of mice to cause re- 
gression of a viable implant of the tumor. 
Evidence was presented previously(3) for 
ability of strain BALB/c mice to produce 
antibody to homologous tumor S621. The 
criteria of antibody formation were ability of 
mice sensitized with lyophilized tumor to 
undergo anaphylactic shock on a second, in- 
travenous injection; and ability of mice pre- 
viously given tail inoculation of viable tumor, 
with tail and tumor subsequently removed, 
to cause regression of a second, subcutaneous 
injection of viable tumor. 

The work reported herein was done to de- 
termine whether or not injection of lyophil- 
ized tumor in Freund’s adjuvant provided a 
sufficient antigenic stimulus for detection of 
antibody by 3 technics: tumor regression: 
in vitro anaphylaxis by the Schultz-Dale re- 
action; and diminution of the number of exu- 
date cells when cells were incubated with an- 
tigen and complement. 

Experimental. Antibody production by 
protection against tumor growth. 1953 Ex- 
periments—Immunization with lyophilized 
S621: BALB/c mice from the colony of Dr. 
Flavia Richardson were used.  Approxi- 
mately equal numbers of both sexes, over 4 
months of age, were injected intraabdom- 
inally as follows: (a) 20 mice injected with 
lyophilized S621! in Freund’s adjuvant pre- 
pared as before(3) with the exception that 


* This work was supported by grant-in-aid from 
American Cancer Society upon recommendation of 
Committee on Growth of the National Research 
Council. 

t Part of this work was done while senior author 
was at Roscoe B. Jackson Memorial Laboratory 
(1953). 

+A BALB/c fibrosarcoma induced by methyl- 
cholanthrene in 1948. 


only 50 mg of tumor were contained in the | 
0.5 ml injected; (b) 33 mice were injected | 
with a preparation of lyophilized S621 identi- 
cal with (a) except that the tumor in saline 
suspension was subjected to sonic treatment 
for 30 minutes in a Raytheon sonic oscillator | 
immediately prior to mixing with adjuvant; 
and (c) 26 mice were injected with Freund’s 
adjuvant equal in amount to that contained 
in the S621-adjuvant mixtures. Injection of 
viable S621: Five weeks following injection 
of lyophilized tumor, mice were inoculated 
subcutaneously with viable tumor prepared 
as follows: Fresh, healthy tumor tissue re- 
moved aseptically from host, and suspension 
of single cells prepared by Snell’s_ sieve 
method(4). After making a cell count, the 
suspension was diluted with buffered glucose- 
Ringer’s solution(4) to 150000 cells/ml. 
Each mouse was then injected subcutaneously 
with 0.1 ml, equivalent to 15000 cells. 
Twenty-two normal control mice were also 
injected. This dose was chosen because pre- 
vious studies indicated that it exceeded, but 
not greatly, the minimum dose insuring tu- 
mor growth. Mice were examined at inter- 
vals for appearance of tumors. Experiment 
was terminated after 344 months. 


1955 Experiments—-Mice were BALB/c 
from the colony of Dr. George Snell. Other- 
wise, they were comparable in every way to 
those used in 1953. They were injected with 
S621 under following conditions: (A) 17 
mice were injected intra-abdominally with 
S621 in Freund’s as described previously; 
(B) 16 mice were injected with the same 
preparation subcutaneously; (C) 11 mice 
were injected intraabdominally with 50 mg 
5621 suspended in 0.5 ml buffered saline; 
(D) 12 mice were injected with same prepa- 
ration subcutaneously. Control mice included 
11 injected with Freund’s adjuvant intra- 
abdominally; and 14 injected subcutaneously. 
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TABLE I. Effect of Prior Injection of Lyophilized $621 in Freund’s Adjuvant on Growth of 
Viable Inoculum. am 
e6a“_<_0a0e«=<«$—“@*$@"aV_0EeE—e0e0(Q$@9$9—99OSa9naaan39=>$a9SaSSS =”, 


* 


Slight, if any 


Progressively initial growth 


Peek all Route growing tu- comp. regres- Total* Total* t 
Material inj. Date ofinj. mors; death sion by route all routes 
$621-Freund’s 1953 TA 13/20* 7/20 18/37 32/53 

55 TA 5/17 12/17 
re sc 14/16 2/16 14/16 
$621-Freund’s 53 TA 28/33 5/33 28/33 28/33 
sonic 
8-621 55 IA i1yAlal eralet: 23/23 
SC 12/12 12/12 
Freund’s 53 IA 25/264 36/37 50/51 
55 IA Nala 
we SC 14/14 14/14 
None 53 = 22/22 40/40 40/40 
55 — 18/18 


. No. dead of tumors 


No. inoculated 
+ No sex difference was ever apparent. 


+ One mouse showed moderate initial growth, followed by complete regression. 


Five weeks after injection of lyophilized tis- 
sue, immunity of mice was challenged by sub- 
cutaneous injection of 30000 cells, prepared 
as before. Eighteen normal mice were in- 
jected as controls. Mice were examined as 
before, and experiment terminated after simi- 
lar interval. 

Results of the 2 experiments are recorded 
in Table I. They show that immunization of 
BALB/c mice with lyophilized tumor S621 
in Freund’s adjuvant provides sufficient anti- 
genic stimulus to protect 21 of 53 mice from 
growth of a viable inoculum of tumor. When 
the immunizing injection was given intra- 
abdominally, over 50% of the mice were im- 
mune. Injection of lyophilized S621 in saline 
did not protect mice against a subsequent in- 
jection of viable tumor. Sonic treatment of 
lyophilized S621 reduced antigenicity, but 
apparently did not destroy it. 

Evidence of antibody production by in 
vitro anaphylaxis. Fifteen female BALB/c 
Jax mice were immunized with 50 mg of S621 
in Freund’s adjuvant as before. After 1 or 
2 months, and 3 to 4 weeks before testing, 
they were given a small booster dose of S621 
subcutaneously. Included in these experi- 
ments were 6 female survivors from the 1955 


experiment previously reported. The technic 
for testing anaphylactic sensitivity in mouse 
uteri by the Schultz-Dale technic of in vitro 
anaphylaxis has been described(5). The test 
antigen was prepared from either lyophilized 
or fresh tumor. Lyophilized tumor was made 
to concentration of 50 mg/ml in_ special 
Ringer’s solution(5), ground in glass, and 
the supernatant fluid, after centrifugation for 
10 minutes at 3500 rpm, was used as antigen. 
Fresh tumor, which in general proved a little 
more potent antigen in this test, was prepared 
in like manner, with a crude attempt to ap- 
proximate the concentration of lyophilized 
material. All materials were kept at 0°-4°C, 
and aseptic technic was used while preparing 
the antigen. After killing the mice and put- 
ting uterine strips in 45-ml water bath, 1.0 or 
0.5 ml of antigen was added, and the reaction 
recorded on a kymograph. After contraction 
of the tissue, a second addition of antigen was 
made to test desensitization, and reactivitv of 
the tissue tested by addition of 10 pg/ml of 
acetylcholine. Of the 15 BALB/c Jax mice 
tested, 8 gave positive reactions on at least 
two strips of uterus, and 7 gave negative re- 
actions. Five of the 6 BALB/c Snell mice 
which survived the inoculation of viable cells 
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following immunization, gave positive reac- 
tions. Uterine strips from 3 normal BALB/c 
mice gave no reaction with either fresh or 
lyophilized antigen. 

Evidence of antibody production by in 
vitro lysis of cells from sensitized mice. To 
become thoroughly familiar with the technic 
involved, preliminary work was done using 
egg white as antigen, as described elsewhere 
(6). Twenty-seven BALB/c Jax mice were 
immunized with 50 mg of lyophilized S621 in 
Freund’s adjuvant, and tested 5 to 6 weeks 
later. Peritoneal exudate cells were obtained 
as follows: 2 ml of sterile mineral oil was in- 
jected intra-abdominally; 16-18 hours later, 
2 ml of sterile heparinized serum-Fox solu- 
tion(6) was injected. Ten minutes later cells 
were removed by aspiration, and put into 
chilled siliconed tubes. The cells were washed 
twice at 0°-4°C with serum-Fox solution, and 
resuspended in it to a concentration to give a 
count of 5000-20000 cells/mm*. The S621 
antigen used in the test was the supernatant 
fluid obtained after 50 mg/ml of lyophilized 
tumor had been ground in Fox solution and 
centrifuged 10 minutes at 3500 rpm. The 
control antigen was normal, lyophilized 
BALB ‘c liver, prepared in identical manner. 
Cells from 27 mice were tested individually. 
In each test, 6 siliconed tubes were set up, 
and the materials added to each in 0.1-ml 
amounts. Tubes 1 and 2 contained cells, 
S621, and complement;' the controls con- 
tained serum-Fox solution instead of comple- 
ment. The other 3 tubes were comparable 
except liver antigen was used instead of S621. 
After all additions had been made to each 
tube, which was shaken 100 times, a standard 
cell count made in National Bureau of 
Standards certified pipettes was counted in a 
certified counting chamber. The 6 tubes 
were then incubated for 2 hours at 37°C, 
after which time they were again shaken and 
another count made, using for each tube the 
same pipette. Data were collected for each 
of the 27 mice, and recorded as the percent 
difference in number of cells from O to 2 


§ The 1-10000 dilution of commercial lyophilized 
guinea pig serum was tested many times, and never 
had any deleterious effect on the cells. 


Tumor ANTIBODY IN MICE 


TABLE II. Effect of Antigen and Complement on 
Peritoneal Exudate Cells from 27 S621 Sensitized 
BALB/c Jax Mice. 


Stand. Differ- 


Mean* dey. encet t 
Tests 1 and 2 —11.4 Hetil 
(S621 antigen). 
$621 control 3.0 7.63 14.4 6.73t 
Tests 3 and 4 9 7.76 1a) Seon 
(Liver antigen ) 
Liver control Beil 8.23 14.1 6.55t 


* Avg % difference in No. of cells at 0 time and 
2 hr. 

+ Mean divergence from tests 1 and 2. 

t Significant beyond .001 level of confidence. 


hours. For statistical analysis, results of 
duplicate tubes for each antigen, which 
showed good agreement in both cases, were 
averaged. Mean and standard deviation for 
each group were determined; and the statis- 
tical difference between experimental and 
control groups was determined by the ¢ test. 
Results of this analysis are recorded in Table 
Ie: 


From the results expressed in Table II, it 
can be seen that peritoneal exudate cells from 
mice sensitized by injection of tumor S621 
in Freund’s adjuvant were subject to lysis in 
the presence of antigen and complement; and 
that no such lysis occurred when normal tis- 
sue antigen from liver was used instead of 
the tumor. 


Discussion. Work reported in a previous 
paper showed that strain BALB/c mice were 
capable of forming antibody to their homolo- 
gous tumor $621. After injection of viable 
tumor in the tail, mice caused regression of a 
second implant of viable tumor. Some sur- 
vivors from this experiment, as well as mice 
immunized by injection of lyophilized tumor 
in Freund’s adjuvant, or lyophilized tumor 
alone followed by adrenalectomy, were ana- 
phylactically sensitive to an antigen derived 
from S621. 

Experiments here reported lend further 
support to the concept of formation of these 
antibodies. Mice immunized with lyophilized 
tumor tissue in Freund’s adjuvant caused re- 
gression of subsequent viable implants; and 
uteri from female survivors of this experi- 
ment, as well as from other similarly immu- 
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nized mice, were anaphylactically sensitive as 
tested by the Schultz-Dale technic. The exu- 
date cells of other mice, also sensitized with 
S621 in Freund’s adjuvant, were lysed in 
vitro in the presence of the S621 antigen and 
complement. 


With the exception of the technic of tumor 
regression, all our methods for detection of 
antibodies—in vive anaphylaxis, in vitro ana- 
phylaxis, and specific immune lysis of cells— 
are generally accepted immunological methods 
to detect “hypersensitive” antibodies, which 
in either immediate or delayed type of hyper- 
sensitivity reactions are believed to be in close 
association with cells. Recent work of Cole 
and Favour(7) has shown that in hypersensi- 
tivity of the guinea pig to tubercle bacilli, 
antibodies responsible for delayed ‘‘tuber- 
culin” type hypersensitivity, as well as those 
of anaphylactic type, occur in the serum. Re- 
peated attempts to find antibodies in circula- 
tion of BALB/c mice sensitized with S621 
by various technics—precipitation, comple- 
ment-fixation, hemagglutination of cells, 
which have or have not been treated with 
tannic acid prior to treatment with antigen, 
and passive protection with serum from im- 
munized mice—have so far failed. Other 
studies of anaphylaxis in mice(8,9) indicate 
that a circulating, bivalent antibody is not 
the antibody concerned in anaphylaxis in the 
mouse. This leads to the tentative hypothe- 
sis that the antibody concerned in immunity 
to tumor S621 in BALB/c mice is not the 
conventional bivalent antibody, and even 
though it may be in circulation, is an anti- 
body in close association with tissue cells. 

Stewart(10) has presented a survey of spon- 
taneous regression of various types of malig- 
nancies in man, many of which were accom- 
panied by the classical signs of hypersensi- 
tivity in the host at time of regression of the 
tumor. 

Immunity to $621 usually is accompanied 
by a state of hypersensitivity, but hypersen- 
sitivity can apparently exist in absence of 
sufficient immunity to protect the animal 
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from viable cell growth. In a previous paper 
(3), as well as in present experiments, it is 
noteworthy that mice immunized with the 
lyophilized tissue in the absence of the adju- 
vant were not capable of causing regression 
of a viable implant of tumor, even though 
they had antibody demonstrable by the more 
sensitive anaphylactic technic. It is quite 
possible that lyophilized tissue alone did not 
provide sufficient antigenic stimulation for 
the formation of enough antibody to protect 
against relatively large challenge inocula. 


Summary. 1. Antibodies were demon- 
strated in BALB/c mice which had received 
an injection of lyophilized homologous tumor 
S621 in Freund’s adjuvant by the following 
technics: tumor regression; im vitro anaphy- 
laxis using the Schultz-Dale reaction; de- 
crease in the number of exudate cells when 
cells were incubated with antigen and comple- 
ment. 2. Mice which recovered from a chal- 
lenge injection of viable tumor were shown 
to react when tested by the Schultz-Dale 
technic. 


We are grateful to C. D. Fink for the statistical 
analysis. 
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Woods’ finding(1), that the chemothera- 
peutic properties of sulfonamides resided in 
their ability to interfere with the utilization 
of p-aminobenzoic acid by the organism, has 
given tremendous impetus to the study of an- 
timetabolites. Such studies, of course, may 
be approached from more than one direction. 
For example, anti-folics were prepared on the 
basis of their studied dissimilarity to the 
structure of folic acid. This gave rise to the 
useful agents aminopterin(2) and ametho- 
pterin(3). From another approach we have 
examined compounds prepared(4-6) for use 
against schistosomiasis(7) for their ability to 
interfere with utilization of folic acid by 
Streptococcus faecalis. The results of such 
tests on 16 xanthones and 63 thiaxanthones 
are discussed below. 

Methods. The medium used for these stud- 
ies with S. faecalis (ATCC No. 8043) was 
slightly modified from that of Teply and 
Elvehjem(8). The modifications consisted of 
omitting xanthine and of using “vitamin-free”’ 
casein hydrolysate (Nutritional Biochemi- 
cals) in place of charcoal-treated material 
suggested by the authors. Under these con- 
ditions the blanks required about 0.5 ml of 
N/10 alkali per tube for neutralization. Upon 


addition of 1 myg of folic acid per ml of me- 
dium, growth of the organism, as judged by 
acid production after 72 hours, was repre- 
sented by 9.5 to 10 ml of N/10 alkali per 
tube. Half maximum growth of the organism, 
the level against which the test compounds 
were run, resulted from addition of 0.32 myg 
of folic acid per ml of medium. For the tests 
the compounds were added to duplicate tubes 
at levels of 1.6, 8.0, 40 or 200 yg per ml of 
medium. Tubes were plugged, sterilized at 
120°C for about 12 minutes, cooled, inocu- 
lated with suspension of the organism(9), 
and incubated at 37°C for 3 days. Growth of 
the organism was estimated titrimetrically. 
Results. The results summarized in 
Tables I-III are expressed as an arbitrary 
ratio term. The upper (and smaller) value 
represents wg of compound per ml of medium 
which had little or no inhibitory effect on 
growth of the organism. The lower (and 
larger) figure represents amount of test com- 
pound which completely or essentially com- 
pletely inhibited growth of the organism. By 
way of reference, the ratio terms for some 
known anti-folics under these conditions of 
test were: (ug/ml) aminopterin 0.008 /0.04, 
amethopterin 0.00032/0.0016, and pyrimeth- 


TABLE I. Results of Tests with 16 Xanthones against S. faecalis in the Presence of Limiting 
Amounts of Folie Acid. 


8 1 
7 CH=CH-CH-CO-CH=-CH=CH 
Compound, | | i | Activity vs. 
6 CH—CH-CH-O—CH— CH=CH folie acid, 
5 4 Derivatives ug/ml 
1-NH(CH,),N(C.H;)2 4-CH, 6-OCH,, 4,6-(CHs). 8/ 40 
N(C.H,;) CH,CHOH 4-Cl 6-CH,, 4,6-(CH,)., 2 
ee 6-Cl, 4-CH, 6-OCH, (4) 
4-CH,(4 40/200 
NHCH.CHOHCH, a ‘ 
4-CH, 6-Cl(4 8/ 40 
N(CH,) CH,CHOH CH, Pe a; 
NH CH,CHOH C,H; 4-CH,(4) 40/200 
6-Cl(4 8/ 40 
NHCH,C(OH) (CH;). (4) a 
N(C,H;) CH,CHOHCH, 6-Cl(4) 


N(C,H,) CH,CHOHCH, 
N(O,H;)CH,C(OH) (CH,). 


” 


0 
20/100 
0 
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TABLE II. Thiaxanthones Which Inhibit S. faecalis in the Presence of Liniting Amounts of 
Folie Acid. 
SSS EE——— 

8 


1 


* 


7 CH=CH-CH-CO-CH-CH—CH 2 


Compound, — | 


| | 
6 CH=CH-CH-S—CH-CH—CH 3 


Activity vs. 
folic acid, 


5 4 Derivatives pg/ml 
1-NH(CH,),.NHCH,CH,OH 4-CH, 8/ 40 
NHCH.CHOH CH, (5), 4-CH, 6-Cl a 
NHCH.CHOH CH,OH 4-CH, (6) 2 
NH CH,CHOH C,H, 4-CH, x 
z 6-C1(5) 16/258 
NH OH,C(OH) (CH). (5) 8/ 40 
" 6-Cl 1.6/ 8 
N(CH,) CH,CHOHCH, (5) 8/ 40 
TC5Hio 6-Cl 1G es 
N(CH): 4-CH, 8/ 40 
N(C.H;)» (6),4,6-(CH,). 8 
N(C,H,) CH,CH,OH (5), 6-Cl(6), 4,6-(CH,)., zs 
4-CH, 6-OCH,, 4-CH,6-Br 
z 6-Cl(5) 1.6/ 40 
N(C.H;) CH,CHOH CH, @) 67 48 
N(C,H,) CH,CH,OH @) 8/ 40 
N(C,H») 2 4,7- (CH )o(6) 40/200 
NClH, 4-CH, 8/ 40 
ile NH(CH, )3N (C oldie) 2 (6) ” 
1-NHCH(CH;) CH,.N(C.H;). 3 ‘ 
1-NH(CH2).) wN(C pes i XY 
4-CH, 7-Cl (6) 1.6/7 78 
IEN (CH. Ni (CsHe) CELCH.OH (6) 8/ 40 
1-NHCH,CHOH CH,N(C.Hs)s 4-CH, 7-Cl (6) ® 
2,4-(CH,)2(6) 40/290 
1-NH(CH,), NH ©,H, 4-CH,(6) 8/ 40 


N(0,H, 2 
N(C,Hiu)s 
1-NH(CH,),.N(C.Hs)s 


amine 0.0016 /0.008. 

From the data summarized in the Tables it 
may be seen that 13 of the 16 xanthones and 
35 of the 63 thiaxanthones manifested some 
degree of toxicity to the organism. Since thy- 
midine has been shown to abolish toxicity of 
some compounds which block utilization of 
folic acid(10), thymidine at 2 pg per ml of 
medium, was added in place of folic acid. The 
nucleoside level was otherwise adequate for 
optimum growth with the above medium. 

In the thymidine-containing medium all 
xanthones and thiaxanthones inhibitory in the 
presence of folic acid were still inhibitory, with 
one exception. The exception was 


eee 


Xx 
| CH,CHOHCH, 


| 
CH — CH-CH-CO-CH-CH = CH 
| | | 
CH-CH-S—CH-CH = CH 


| 
CH = 
CH; 


Further tests showed that thymine(11,12) 
was unable to replace thymidine in abolishing 
the toxicity of this compound. This thiaxan- 
thone thus differed from aminopterin, ametho- 
pterin, and pyrimethamine, which in the me- 
dium used, exhibited no adverse effects on 
growth of S. faecalis in the presence of thy- 
mine. The latter fact has been noted pre- 
viously by others(13). On the other hand, 
the behavior of this thiaxanthone may be con- 
sidered similar to that noted by Shive e¢ al. 
(10) with another organism, who observed 
that thymidine, but not thymine, was able to 
abolish toxicity of either the sulfonamides or 
2,4-diamino-6,7-diphenylpteridine for L. ara- 
binosus 17-5. Whether or not the unusual 
metabolic blocking property of 6-chloro-1-{2- 
[ethyl - (2 - hydroxypropyl) amino |ethylami- 
no}-4-methylthiaxanthone will prove useful 
alone or in combination with other blocking 
agents must await further studies under way. 

In contradistinction to the unusual proper- 
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TABLE III. Thiaxanthones Which Do Not Interfere with the Utilization of Folic Acid by 
S. faecalis. 
ee 


8 1 


7 CH—CH-CH-CO-CH-CH—CH, 2 


Compound, | | 


| 
6 CH—CH-CH-S—CH-CH=CH 3 


5 4 Derivatives 
1-NH(CH,),N(CH,)CH,CHOHCH, 4-CH, 6-Cl (5) _ 
NC,H,O 4-CH, 6-Cl (6) 
N(C,Hs)s 4-NO, 6-Cl (6) 


N(C,H;)CH,CH,OH 
N(C,H;)CH,C(OH) (CH,). 
N (C3H,) 2 

N(C,H,) CH,CHOHCH, 
N(C,Hp)e 


4-CH, 5-Cl (6) 


6-Cl (5) 

(6) 

4-CH, 6-Cl (5) 

4-NOp, 4,6-Cl,, 4,6-(CHa)»; 
5-O1(6); 4-CHy 6-Cl, 4-C 


4-C] 5,7- (CHL) are Gi be Mek 
4-NHCOC,H; (6); 4-} Sos ) 
4-CH, (6) 


” 


ties of thiaxanthone above, its xanthone ana- 
log given in Table I exhibited no adverse 
effects on the organism in the presence of 
folic acid. 

It may be noted that the 4 thiaxanthones 
indicated by Berberian, Dennis, and Freele 
(7) to be schistosomacidal behaved quite 
differently from each other when examined for 
toxicity with S. faecalis. Thymidine was un- 
able to reverse the toxicity of one (6-chloro- 
1- {2 - [ethyl - (2 - hydroxyethyl) amino] ethyl- 
amino} - 4-methylthiaxanthone). Thymidine 
abolished the toxicity of one (6-chloro-1-{2- 
[ethyl(2-hydroxypropyl) amino | ethylamino}- 
4-methylthiaxanthone), as indicated above. 
The remaining two (1-(2-dibutylaminoethyl- 
amino )-4-methylthiaxanthone) and (6-chloro- 
1-| 2-ethyl-2-(2-hydroxy - 2-methylpropylami- 
no)ethyl-amino|-4-methylthiaxanthone) — ex- 
hibited no adverse effects on growth of the 
organism. Presumably, therefore, the schisto- 
somacidal properties of the foregoing 4 thia- 
xanthones do not reside in their ability to in- 
terfere in the nucleic acid metabolism of S. 
mansoni. 

We may conclude, accordingly, that one 
compound of interest, 6-chloro-1-{2-[ethyl(2- 
hydroxypropyl) amino | ethylamino}-4-methyl- 
thiaxanthone, has been brought to the fore by 
our study. While it does not compare favor- 
ably as an anti-folic with known anti-folics, 


being only 1/200, or less, as active as some of 
the better known ones, its differing pattern 
of inhibition points it up as a compound of 
possible interest and application, alone or in 
combination with other blocking agents. 


Summary. 1. A series of xanthones and 
thiaxanthones initially prepared for tests 
against schistosomiasis was tested for toxicity 
with S. faecalis in the presence of limiting 
amounts of folic acid. Under these conditions 
13 of the 16 xanthones and 35 of the 63 thia- 
xanthones tested were toxic. The toxicity of 
only one thiaxanthone could be abolished. 2. - 
6-Chloro-1-{2- [ethyl (2-hydroxyproyl) amino | 
éthylamino}-4-methylthiaxanthone was inert 
with thymidine in the medium. Thymine was 
not able to replace thymidine in this respect. 
3. Separately, it may be indicated that no cor- 
relation was discerned between activity 
against S. faecalis and S. mansoni infection in 
mice. 
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The explanation for the origin of seasonal 
outbreaks of poliomyelitis in the temperate 
zone is unknown, although it is now evident 
that man to man transmission is responsible 
for maintenance of an epidemic. Viral isola- 
tion studies have, as yet, failed to implicate 
animal-reservoir-insect-vector pattern which 
is so characteristic of many other neurotropic 
viruses. However, most isolation studies were 
done prior to the development of tissue cul- 
ture technics, and intensive surveys were lim- 
ited. Immunological studies have been car- 
ried out by Hammon(1) and others(2,3) in 
which ‘‘neutralizing factors” or ‘‘protective 
substances” have been found in sera of vari- 
ous animals. The status of these “protective 
substances” is uncertain for they were dem- 
onstrable only in low dilution and against one 
strain (Lansing, type 2), the only strain 
readily available in most laboratories. 
Whether one is here dealing with a non-spe- 
cific neutralizing substance or specific anti- 
body is a critical point, for identification of 
these substances as specific antibodies to vir- 
uses of poliomyelitis would point strongly to 
the existence of either (1) an extra-human 
reservoir of viruses of poliomyelitis or (2) a 
serologically related group of viruses. In the 
present study animal sera were tested for 
presence of neutralizing antibody to all 3 


* Present address: Wyeth Institute for Medical 
Research, Box 8299, Philadelphia 1, Pa. 


types of poliomyelitis virus using the HeLa 
cell. The protective substance existing in 
certain cases was identified as a true anti- 
body. ‘To determine the origin of this anti- 
body, extensive though unsuccessful attempts 
were made to isolate the agents responsible 
for production of this antibody. 


Methods. The HeLa Cell. Techniques 
employed in the management of the HeLa 
cell have been adequately described(4), and 
were followed in the present study. The 
HeLa cells were routinely grown in rubber 
stoppered test tubes in a growth medium con- 
sisting of 40% human adult serum, 2.5% 
chick embryo extract and 57.5% Hanks’ bal- 
anced salt solution. Before use in neutraliza- 
tion test, the cells were washed 3 times with 
balanced salt solution and 0.9 ml maintenance 
solution was added to each test tube. The 
maintenance medium was composed of 90% 
maintenance solution as described by Syver- 
ton, Scherer and Ellwood(4) and 10% 
chicken serum. Strains of Poliovirus. The 
Brunhilde (type 1), YSK (type 2) and Leon 
(type 3) strains were employed as representa- 
tives of the 3 known antigenic types of polio- 
virus. These viruses were used in a 100 tis- 
sue culture dose concentration against each 
animal sera tested. Source and Preparation 
of Serum Samples. Table I illustrates the 
source of sera and geographical origin of ani- 
mals from which sera were obtained. Sam- 
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TABLE I. Number and Source of Animal Sera. 


No. of Geograph- 
Animal sera Source ical origin 
Cows 20 Slaughter house Pa. 
Steer 22 Idem Midwest 
Calves 18 i Va. 
Horses 28 Vet. School, Univ. Pa. Pa. & N.Y. 
Hogs 19 Slaughter house Midwest 
Chickens 20 Poultry market Pa. 
Lambs 19 Slaughter house Va. 
Dogs 26 Temple Med. School Pa. 
Cats 5 Idem Unknown 


ples of blood were collected in sterile tubes, 
allowed to clot, and refrigerated overnight. 
Serum was drawn off, inactivated at 56°C for 
one hour, and stored in a dry-ice box for 
approximately 6 months before _ testing. 
Neutralization Test. Serum dilutions were 
placed in sterile test tubes in 0.4 ml amounts 
to which was added 0.4 ml virus, of either 
types 1, 2 or 3, containing 100 tissue culture 
doses. The serum-virus mixtures remained at 
room temperature for one hour. Neutraliza- 
tion of the virus was determined by inoculat- 
ing 0.1 ml of the mixture into 3 HeLa tubes. 
Tissue, animal serum toxicity and virus con- 
trols were routinely run. After 96 hours at 
36°C the tubes were read for cytopathogenic 
effects. Highest dilution of serum completely 
inhibiting action of virus was the neutralizing 
titer of the serum. To determine if the neu- 
tralizing action was associated with the glob- 
ulin fraction of the sera, globulins were pre- 
cipitated out with a saturated solution of am- 
monium sulfate. The precipitated globulin 
was then diluted with distilled water to a 
final volume equal to that of original volume 
of sera. This was dialyzed and tested to de- 
termine if it had retained its protective ac- 
tivity against viruses of poliomyelitis. Sources 
and Preparation of Tissue Specimens for Viral 
Isolation Studies. In an attempt to establish 
the presence of a virus that might explain 
the origin of antibodies to viruses of polio- 
myelitis, samples of spinal cord, spleen, lymph 
node and feces were collected from cows, 
steers and calves. Specimens were collected 
as follows: approximately 1 cm? tissue, or 10 
ml of feces were collected, 10 specimens from 
10 animals pooled, and a 50% suspension 
prepared by grinding with mortar and pestle 
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in tryptose broth containing 300 units/ml | 
penicillin and 300 pg/ml dihydrostreptomy- |} 
cin. The suspension was then centrifuged at |} 
3500-4000 rpm for 30 minutes, and the super- | 
natant fluid tested for viral activity. Some 
tissue specimens proved to be toxic to HeLa | 
cells, therefore the supernatant fluid of cen- | 
trifuged suspensions was further diluted 1-5 
in Hanks’ balanced salt solution to reduce 
toxicity of test materials. One-tenth ml of 
each specimen was inoculated into 3 HeLa 
cultures in test tubes containing 0.9 ml main- 
tenance solution. These tubes were incubated — 
at 36°C and observed for cellular changes. . 
After 5 days the fluid medium from each set | 
of 3 cultures was pooled and 0.1 ml of this 
was inoculated into each of 3 HeLa cultures. 
This second passage also served further to 
dilute out toxic factors. After 4 days incuba- 
tion at 36°C HeLa cultures were again ob- 
served for cytopathogenic changes. In addi- 
tion, tissues were stained and observed for 
inclusion bodies to detect any agent which 
might have multiplied without producing a 
gross cytopathogenic effect. After removal 
of the media, HeLa cultures were stained di- 
rectly in test tubes and on coverslips from 
Porter flask cultures with May-Grunwald- 
Giemsa stain. 

Results. The data presented in Table II 
indicate type and number of animal sera 
having neutralizing activity against polio- 
virus. At a serum dilution of 1:2 some in- 


TABLE II. Neutralizing Activity of Animal Sera 
against Polioviruses Types 1, 2 or 3 


No. of animals with 
neutralizing activity 


Nolot against polioviruses* 
sera Neutralization titer 
Animal tested 1:2 1:10 or greater 
Bovine 
Cow 20 5 14 
Steer 22, 3 6 
Calf 18 5 0 
Lamb 19 5 0 
Chicken 20 6 2 
Hog 19 3 6 
Horse 28 6 9 
Dog 30 5 0 
Cat 5 0 0 


__* An animal serum was listed as a single positive 
if it neutralized types 1, 2 or 3 polioviruses or any 
combination of the 3 types. 
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TABLE III. Type Distribution of Neutralizing 
Activity against Poliomyelitis Viruses, Types 1, 2, 
and 3. 


No. of positive 


No. of reactions* Total No. 

sera 7——Type——__ of positive 

Animal tested 1 2 3 reactionst 

Bovine 

Cow 20 8 12 4 24 
Steer 22 il 5 0 6 
Calf 18 0 0 0 0 
Horse 28 5 6 0 11 
Hog 19 2 3 1 6 
Chicken 20 1 1 0 2 

* Only those sera exhibiting a neutralization 


titer of 1:10 or greater were included among the 
positive reactions. 

+ A single positive serum specimen may have 
contributed 1, 2 or 3 positive reactions depending 
on its ability to neutralize 1, 2 or 3 types of polio- 
myelitis virus. 


dividuals of each species tested showed neu- 
tralizing activity, with exception of the cat. 
In many cases this neutralizing activity was 
lost upon further dilution. Since the neutral- 
izing activity of undiluted or only slightly 
diluted serum may have been the expression 
of a non-specific inhibitory substance, only 
those species whose sera showed at least oc- 
casional activity at dilutions of 1:10 or 
greater were considered as possible poliomye- 
litis antibody producers. It will be seen in 
Table II that cows, steers, horses, hogs, and 
to a questionable extent, chickens possessed 
a capacity to neutralize one or more of the 3 


TABLE IV. Titers of Antibodies in 20 Cow Sera 
against Poliomyelitis Viruses, Types 1, 2 and 3. 


Titers of sera* 


Type > 
Cow sera ik 2 
1 0 10 0 
2 10 10 0 
3 50 10 0 
4 0 250 0 
5 10 50 0 
6 10 0 10 
7 50 10 50 
8 0 0 10 
9 10 10 0 
10 0 10 0 
iki 50 10 0 
12 0 50 0 
13 10 50 10 
14 0 10 0 
15-20 0 0 0 
Total No. positive §& 12 4 


* Expressed as reciprocal of actual dilution, 
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types of poliomyelitis-Virus in serum dilutions 
of 1:10 or greater. On the other hand, sera 
of calves, lambs, dogs and cats were consis- 
tently negative at dilutions of 1:10 or higher, 
hence were not considered to be related to 
specific antibody. Type distribution of posi- 
tive sera in the cow and steer is indicated in 
Table III. It will be seen that neutralizing 
activity against type 2 poliovirus was most 
frequently encountered followed by type 1, 
and least frequently against type 3. 
Probably the strongest evidence indicating 
that these neutralizing substances are anti- 
bodies is the pattern of neutralization ob- 
served with cow and steer sera as indicated in 
Tables IV and V. It can be seen that titers 
vary from 1:10 to 1:250 (the highest dilution 
tested) and that the pattern of neutraliza- 


TABLE V. Titers of Antibodies in Steer Sera 
against Poliomyelitis Viruses, Types 1, 2 and 3. 


Titers of sera* 


Type > 

Steer sera 1 2 3 
1 0 250 0 

2 0 50 0 

3 0 250 0 

4 0 250 0 

5 0 250 0 

6 10 0 0 

7-22 0 0 0 
Total positive 1 5 0 


* Expressed as reciprocal of actual dilution. 


tion tends to differ with each animal. Some 
animals have antibody to type 1, some to 
type 2, some to type 3, and still others have 
various combinations of these antibodies. 
This pattern, by definition, rules out the 
possibility of neutralizing action being due 
to a non-specific inhibitory substance. As 
further evidence that these are antibodies re- 
sulting from a specific antigenic stimulus and 
not a natural antibody it should be noted 
(Table III) that with increasing age there is 
an increasing ability to neutralize viruses of 
poliomyelitis. Thus, 70% of the cows (7-14 
yrs), 27% of steers (1-2 yrs) and none of 
the calves (3-4%4 months) had neutralizing 
antibodies in dilutions of 1:10 or higher. This 
increase with age is the typical pattern ob- 
served in antibody development. Table VI 
illustrates that this neutralizing activity is 
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TABLE VI. Neutralizing Activity of Pooled, Pos- 
itive Animal Sera and the Resuspended Globulin 
Fraction against Types 1, 2 and 3 Polioviruses. 


Neutralizing activity 


Before globulin Resuspended 


Anamal precipitation globulin fraction 
sera, Type Type 

pooled 1 2 3 a 2 3 
Cow + + + + + + 
Steer = + —_ + + — 
Horse — oe -- + + — 
Hog ol + + = se a 
Chicken ao + 


(+) Neutralization. (—) No neutralization. 
retained in the precipitated globulin fraction 
of sera. 

Though extensive studies were done with 
bovine sera, preliminary data has been in- 
cluded on neutralizing activity of horse, hog 
and chicken sera (Table VII). It will be 
noted that both horse and hog sera were 
often able to neutralize in high dilutions, 
while chicken sera were able to neutralize 
only in low dilutions. These limited studies 
do suggest that sera of horses and hogs also 
possess specific neutralizing antibodies to 
viruses of poliomyelitis. 


Viral Isolation Studies. One possible in- 
terpretation of the antibodies observed (see 
discussion) is the assumption that cows may 
be infected with all three types of poliovirus. 
If this assumption is valid, it should be pos- 
sible to isolate the virus of poliomyelitis from 
the bovine species. Preliminary isolation 
studies have been carried out and no viruses 
were isolated in HeLa cells which were neu- 


TABLE VII. Neutralizing Activity Exhibited by 
Horse, Hog, and Chicken Sera agaiust Types 1, 2 
and 3 Polioviruses. 


Antipolovirus titer 
and type distribution 
of positive sera* 


Titer 
Neo, oF LSU O Re Oemelo 50) 

No. of animals Type 
Animal animals positive 123 123 123 
Horse 28 9 1S O Va @ OO 
Fog 19 6 12 IO 0) OO a-@ 
Chicken 20 2 ao OO OO @ 


*A single positive serum specimen may have 
contributed 1, 2 or 3 positive reactions depending 
on its ability to neutralize 1, 2 or 3 types of polio- 
myelitis virus. 
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tralized by types 1, 2 or 3 poliomyelitis anti- 
body. These studies were carried out with 
materials collected from cows, steers and 
calves: 470 spinal cords, 330 spleens, 310 
lymph: nodes and 410 feces specimens were 
studied as indicated under Methods. 


Discussion. Our data indicate that neu- 
tralizing substances in bovine species are true 
antibodies for the reasons summarized below. 
1. Antibody patterns in cows are highly spe- 
cific, e.g., some cows have no antibody, some 
have antibody to types 1 and 2, some to types 
1 and 3, others to types 2 and 3, and still 
others have antibody to types 1, 2 and 3. 
This high degree of specificity, by definition 
rules out any non-specific neutralizing sub- 
stance. 2. These are not natural antibodies 
for in addition to reasons stated above they 
are absent in young animals, increasing with 
age, and are not present in all adults of the 
species. In addition, titers are frequently 
high (1:250 dilution of serum neutralizes 100 
TCD of virus). 3. Neutralizing substances 
are not inactivated by heating at 56°C for 30 
minutes and are found in the globulin fraction 
of the serum. 

It is therefore concluded that the neutral- 
izing substances in cow sera are antibodies 
specific for polioviruses. It is important to 
note that these are antibodies against viruses 
of poliomyelitis and are not necessarily a re- 
sult of infection with human strains of polio- 
virus. 

While this study was in progress it was 
found that Dr. Albert Sabin (personal com- 
munication) was also carrying out a some- 
what similar study(5). Dr. Sabin’s data also 
indicate that neutralizing substances present 
in bovine sera are specific antibodies. 

What is the origin of the antigenic stimu- 
lus? There are two possibilities: (1) These 
are antibodies resulting from subclinical in- 
fection of cows with human strains of polio- 
virus, with the implication that viruses of 
poliomyelitis exist and multiply in areas out- 
side of man. (2). These antibodies arose not 
from the antigenic stimulus of human polio- 
myelitis strains but rather from viruses of 
non-human origin that are serologically re- 
lated to human viruses. It is obvious that 
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such strains, if isolated, may be important 
as immunizing agents against poliovirus in 
humans. There is little experimental data to 
help us choose between these alternatives and 
little will be gained by further discussion of 
the possibilities since proof in either case re- 
quires the isolation from animals of the spe- 
cific infectious agent. 

Summary. (1) The sera of cows and steers 
were shown to possess neutralizing substances 
in high titer against the viruses of poliomye- 
litis. These have been shown to be specific 
antibodies against the viruses of poliomyelitis. 
(2) The sera of horses, hogs and chickens 
also possessed modest neutralizing activity 
against the viruses of poliomyelitis. (3) The 
sera of dogs, cats, calves and lambs do not 
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possess neutralizing activity against the 
viruses of poliomyelitis. (4) Attempts to 
isolate a virus from the bovine species that 
might explain the origin of these antibodies 
were unsuccessful. The antigenic stimulus 
giving rise to antibodies against the viruses of 
poliomyelitis remains unknown. 
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Myasthenia gravis. 1. Importance of Potassium in Inhibitory Action of 


Normal and Myasthenic Thymus Extracts.” 


SUMNER I. ZACKS AND RICHARD B. COHEN. 


(22110) 


(Introduced by B. Castleman.) 


Departments of Pathology, Massachusetts General Hospital, Boston, and Harvard Medical School. 


To investigate the concept that myasthenia 
gravis is due to a circulating blocking agent 
possibly elaborated by the thymus (Mc- 
Eachern) (1) several investigators(2-5) have 
tested thymus extracts on  nerve-muscle 
preparations from various animals. 

The present study was undertaken to re- 
peat Dr. Wilson’s experiments with the even- 
tual objective of isolating the active block- 
ing substance. The isolated frog sartorius 
nerve-muscle preparation, which had _ been 
used successfully by Wilson and Stoner(6) to 
detect the blocking activity of serum from 
myasthenic patients, was used in this investi- 
gation rather than the rat phrenic nerve-dia- 
phragm preparation. 

Methods. A. Isolated Frog Sartorius 
Preparation: Frogs were pithed and the sar- 
torius muscle excised with a small block of 
underlying muscle to support the motor 
nerve. Frog Ringer, containing 6.5 g NaCl, 


* This study was supported by a grant from the 
Institute of Neurological Diseases and Blindness, 
National Institutes of Health. 


0.01 g NaH»PO,/1, bathed the muscle during 
dissection. After excision, the muscle was 
placed at normal resting length (5 to 10 g 
tension) in a plastic chamber of 2 ml capacity, 
provided with two sets of silver electrodes to 
permit independent direct and indirect stimu- 
lation of the muscle and nerve respectively. 
The small size of this chamber is of consider- 
able advantage when only small volumes of 
test solution are available. The mechanical 
myogram was obtained by a transducer, con- 
sisting of an aluminum bar (6.5 x 1.2 x 0.015 
cm) on either side of which was cemented a 
strain gage element.t The myogram was re- 
corded with a Sanborn strain gage recorder 
(Model 127) fed from a Sanborn strain gage 
amplifier (Model 140). This arrangement 
permitted recording of the isometric myo- 
gram. All experiments were performed at 23 
to 25°C. Thresholds for nerve and muscle 
excitability were recorded at beginning of 
each experiment. After 15 minutes equilibra- 


0.14 ¢ KCI, 0.12 g CaCle, 0.2 g NaHCO; and 


+ Baldwin-Lima-Hamilton Corp., Type A7. 
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tion of the muscle in oxygenated frog Ringer, 
the Ringer solution was removed and the 
muscle stimulated via the motor nerve for 5 


seconds with 0.5 to 1 volt monophasic stimuli® 


of 0.5 millisecond duration at a frequency of 
2 cps. A second and third control series of 
contractions were obtained at 5 minute inter- 
vals before adding test solution to the muscle 
chamber. At one to 3 minute intervals, the test 
solution was removed from the chamber and 
the muscle stimulated as before. When the 
muscle failed to respond to indirect stimula- 
tion, it was stimulated directly with 5 second 
trains of stimuli of increasing voltage (1,3, 
5,10,14 volts). The muscle was then repeat- 
edly washed with frog Ringer and recovery of 
muscle tension was followed for 60 minutes. 
Average amplitude of 10 consecutive tracings 
was computed and plotted against time. Ac- 
tivity of each extract was calculated on the 
basis of time for 50% inhibition of contrac- 
tion strength per g of extracted thymus tis- 
sue, 


B. Method of extraction was slightly modi- 
fied after the method of Wilson, Obrist and 
Wilson(5). Thymus glands, removed at op- 
eration from patients with myasthenia gravis, 
were weighed and placed in cold acetone 
(4°C) after representative blocks had been 
taken for preparation of sections for micro- 
scopic examination. Each gland was chopped 
into small pieces and ground in a mortar with 
25 ml volumes of cold acetone (4°C) until 
total extract volume of 1000 ml was obtained. 
Acetone extract (AE) was filtered and the 
residual insoluble material (AI) collected and 
dried to constant weight in vacuo over CaClo. 
The acetone fraction was evaporated to dry- 
ness im vacuo in a water bath at 37°C. After 
evaporation, the AE fraction which consisted 
of a yellow oil, was taken up in 5 ml of Frog 
Ringer. The red-brown, AI fraction was 
similarly taken up in 5 ml of frog Ringer. 
After adjusting the pH of the 2 extracts to 
the pH of frog Ringer, they were separately 
tested on the isolated frog sartorius prepara- 
tion. A fresh sartorius muscle was used in 
each test. Sixteen thymuses from myas- 
thenic patients, one normal child’s thymus, 


2 


3 spleens and 2 samples of skeletal muscle 
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were extracted and tested by this procedure. 
C. Heat Inactivation and Dialysis Experi- 
ments: Solutions of acetone insoluble fraction 
were placed in cellophane bags and dialyzed 
against frog Ringer. Aliquots of internal and 
external solutions were subsequently tested. 
Extracts of both acetone soluble and insol- 
uble fractions were boiled for 2 minutes, 
cooled and tested on the sartorius prepara- 
tion. 

D. Experiments with d-Tubocurarine, Ca- 
Cl, and KCl: d-Tubocurarine (0.003 to 15 y 
/ml, and KCl (4 to 40 meq/L.) solutions 
were tested on the sartorius preparation. The 
effect of thymus extracts containing added 
CaCls was also determined. EF. The potas- 
sium concentration of 16 extracts was quan- 
titatively determined by flame photometry. 
Extracts of the acetone soluble fraction were 
ashed before determination of their potassium 
content because of fat in the solutions. F. 
Thymus Pathology: The presence of hyper- 
plasia and germinal center formation was re- 
corded (Castleman and Norris)(7) and the 
relative amounts of parenchyma, fatty and 
fibrous tissue was independently rated by two 
observers who were unaware of the activity of 
the extracts prepared from the glands. 


Observations: Control studies performed 


| Volt Nerve 


AMPLITUDE mm. 


Nemec) 20 30 20 50 60 70 80 30 100 
EXTRACT WASH TIME MINUTES z 
FIG. 1. Heavy circles illustrate decrease in con- 
traction force of indirectly stimulated (1 volt) 
muscle resulting from immersion in thymus extract. 
After repeated washing, the contraction strength 
gradually returns. Crosses (1 volt), triangles (5 
volts) and open cireles (10 volts) illustrate that 
the muscle shows impaired response to direct stim- 
ulation. After washing, the curve of recovery of 
the directly stimulated muscle parallels the recoy- 

ery curve of the indirectly stimulated muscle. 


+ Acknowledgment is due to Dr. Charles H. DuToit 
for these determinations. 
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TABLE I. Clinical Status of 16 Myasthenie Pa- 
tients and the Activity of Extracts of Their Thy- 
mus Glands. 


Activity of ace- 
tone insoluble 
Duration of fraction, min./g 


Age Severity symptoms /50% inhibition 
21 Mild 2.5 yx 11533) 

25 2 1.5 ol 

13 Moderate 3.0 91 

23 2 3.0 2.60 

21 44 2.0 20 

Ld M 1.5 ila} 

16 H 1.0 67 

IW a 3 mo 1.14 

19 @ 5 yr We 

30 Severe if .66 

23 a il ays} 

4] M 6 2.74 T* 
13 ee 2 .29 

46 de Months ? 38 T 
24 e 4.5 yr .67 

18 ae 2 2.05 


oF MB == AN oboe, 


with several changes of frog Ringer over peri- 
ods of 60 to 70 minutes showed a maximal 
decrease in the tension curve of 15 to 20% 
of initial tension. When tissue extracts were 
tested, the average experiment rarely ex- 
ceeded 30 minutes. Thus, decreases of the 
tension curve of greater magnitude are at- 
tributed to the inhibitory effects of the ex- 
tracts. A dose-response curve constructed 
for several concentrations of d-Tubocurarine 
(0.003 to 15 y/ml) showed that concentra- 
tions of 0.03 y/ml of d-Tubocurarine could 
be accurately detected by this method. As 
expected, the muscle responded to direct stim: 
ulation; it failed to respond to indirect stimu- 
lation. 

Experiments with Tissue Extracts: Both 
acetone soluble and acetone insoluble frac- 
tions of all thymus glands tested depressed 
the tension curve of indirectly stimulated 
sartorii in 2 to 20 minutes. However, when 
muscles failed to respond to indirect stimula- 
tion they also failed to respond to direct stim- 
ulation (Fig. 1). After 30 to 60 minutes of 
washing with several changes of frog Ringer, 
the test muscles slowly recovered. The time 
course of recovery for indirect and direct 
stimulation was similar (Fig. 1). Thus, it 
appeared that the extracts acted directly on 
the muscle, although action at the neuro- 
muscular junction could not be excluded. 


Great variability of-activity of extracts oc- 
curred which failed to correlate with age of 
patient, duration of symptoms or clinical 
severity of the disease. (Table I). A normal 
child’s thymus possessed considerable inhibi- 
tory activity as did extracts of 3 spleens and 
2 samples of human skeletal muscle. Ex- 
tracts of these tissues rendered the test mus- 
cle inexcitable by indirect stimulation in 5 to 
10 minutes. At this time, the muscles uni- 
formly failed to respond to direct stimulation. 
The time course of recovery of the muscle 
after washing with several changes of frog 
Ringer was similar to that observed with thy- 
mus extracts. 

Dialysis of Extracts: After dialysis of the 
acetone insoluble fraction, most of the inhibi- 
tory activity was present in the solution out- 
side the cellophane membrane. This ma- 
terial produced a decrease of tension curves 
of both indirectly and directly stimulated 
muscles. 

Heated Extracts: The acetone insoluble 
extract retained its inhibitory activity after 
boiling for 2 minutes. 

Potassium concentrations of thymus ex- 
tracts ranged from 2 to 33 times the concen- 
tration of potassium in frog Ringer. When 
the extract containing highest concentration 
of potassium (66 mEq/L.) was added to the 
test muscle, spontaneous fasciculations of the 
muscle occurred. These concentrations of 
potassium are 33 times the normal potassium 
content of frog Ringer. Table II shows a 
rough correlation between time for 50% in- 
hibition of the muscle by the acetone-insol- 
uble fraction and a poor correlation with the 
acetone soluble fraction. 

Effect of Added Potassium Chloride. When 


TABLE II. Potassium Content and Activity of 
Thymus Extracts. 

Per g Py (K+) Pe TPs TAso (Kr) A 
727 2.0 8.0 — — 
254 4.8 6.5 5.2 7.2 

1.140 8.0 Wie 12.0 _- 
671 11.0 8.0 3.0 Well 
381 13.0 5.0 6.0 (Healt 

2.05 L3G 8.5 1015 20.0 
287 17.0 8.8 tay) 6.1 

2.740 38.5 3.7 4.7 24.3 

1.330 42.0 2.9 = —- 
.675 66.0 2.6 8.7 34.0 
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TABLE III. Potassium Content of Ten Thymuses Compared with Histological Architecture. 
Ee eee 


K content ace- K content ace- Germinal 
tone soluble tone insoluble center 
fraction, mEq/L fraction, mEq/L Parenchyma Fibrosis Fat formation 

2.0 — 1+ 3+ 2+ A* 

4.8 es 54 Eels 2+ P 

8.0 = 3-+ 2 1+ 12 
11.0 Hoth 2 3 1-+- 1p 
13.0 Wall 3+ 2 2 a 
13.6 20.0 Q4 2 fe A 
17.0 6.1 4+ Woe 1=- BP 
38.5 24.3 44 pee Q4 T 
42.0 ae 41 es rahe P 
66.0 8.7 3+ O+ 1+ A 

“A Absent > = Present. l= umor. 
frog Ringer solutions containing added po- peating previously published experiments 


tassium chloride were applied to frog sar- 
torius preparations, the effects produced were 
similar to those obtained with thymus, spleen 
and striated muscle extracts. Low concentra- 
tions of added potassium (1.28 to 12.8 mEq/ 
L.) gradually reduced tension response of 
test muscle to indirect and direct stimulation. 
The activity of these solutions roughly par- 
alled activity of thymus extracts containing 
comparable concentrations of potassium. A 
Ts 9 of 2.9 minutes was obtained when a thy- 
mus extract containing 40 mEq/L. of potas- 
sium was tested whereas a Ts of 4.5 minutes 
was obtained when a frog Ringer solution con- 
taining 40 mEq/L of added potassium was 
tested. The time course of recovery of the 
tension curve after washing with frog Ringer 
was similar to that observed after tissue ex- 
tracts had been tested on the sartorius prepa- 
ration. Addition of CaCl. to thymus ex- 
tracts (5 to 10 times normal concentra- 
tion of CaCl. in frog Ringer) de- 
creased the inhibitory effects of the extracts 
on the tension curve of frog sartorii. In a 
typical experiment, the Ts) of the acetone in- 
soluble fraction was 2.6 minutes whereas after 
addition of CaCle (total concentration—5 x 
10° M) the Ts» increased to 8.5 minutes. 

Thymus Gland Pathology. In 15 glands 
tested, 9 showed hyperplasia and germinal 
center formation, 4 failed to show these 
changes and 2 were thymomas. Table III 
shows that thymus glands with the most par- 
enchyma possessed the greatest inhibitory ac- 
tivity. 


Discussion. The original intention of re- 


concerning the muscle inhibiting effects of 
thymus extracts (Wilson, Obrist, and Wilson) 
(5) as a point of departure for isolation of the 
active material led to investigation of potas- 
sium content of acetone-extracts of thymus 
tissue. The finding of a heat stable, dialys- 
able substance in thymus extracts and ex- 
tracts of other tissues which rendered the test 
nerve-muscle preparation inexcitable on in- 
direct and direct stimulation suggested that 
potassium might be responsible for the ob- 
served inhibitory action. Presence of potas- 
sium concentrations ranging from 2 to 44 
times normal potassium content of frog 
Ringer confirms the idea that potassium alone 
could be responsible for the inhibition ob- 
served in our experiments and in experiments 
reported by others (Wilson, Obrist and Wil- 
son)(5). Furthermore, correlation between 
potassium concentration of thymus and other 
extracts and their ability to depress tension 
curve of the frog sartorius preparation 
strongly suggests that this is the case. Du- 
plication of these effects by adding equivalent 
concentrations of KCl to frog Ringer solu- 
tions constitutes additional evidence that po- 
tassium concentrations which occurred in thy- 
mus extracts can produce rapid decrease of 
muscle tension. Failure of activity of ace- 
tone-soluble fraction to correlate well with 
potassium content is probably due to the pro- 
tective effect of lipids in the test solution. 
The deleterious effect of increased potas- 
sium concentrations on muscle excitability 
has long been recognized(8-10). According 
to Gellhorn’s data(10) at the sodium concen- 
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tration used in our experiments (0.134 M), 
concentrations of potassium chloride in excess 
of 96x 10+ M produce rapid loss of excita- 
bility. Table II shows that the thymus ex- 
tracts tested contained 48 to 660 x 10+ M 
of potassium. Gellhorn(10) showed that cal- 
cium ions also antagonized the inhibitory ef- 
fect of increased potassium concentrations. 
Approximately equal amounts of CaCl. above 
the concentration (8.1 x 10* M) of CaCl, 
in frog Ringer antagonized approximately 
equal amounts of KCl added to normal frog 
Ringer solution. Thus, in experiments where 
CaCl. was added to thymus extracts, the de- 
crease in inhibitory activity of the extract 
can be attributed to antagonism between high 
concentrations of potassium in the extracts 
and the added calcium ions. 


It should be emphasized that the concen- 
trated tissue extracts used contain other ions 
(Na*, Ca**, Mg**) in undetermined concen- 
trations which, because of abnormal ion ra- 
tios, may also contribute to inhibitory action 
of these extracts on isolated frog nerve muscle 
preparation. Therefore, we cannot conclude 
that elevated potassium concentrations alone 
are responsible for the inhibition observed. 
Furthermore, we cannot conclude that ex- 
tracts of myasthenic thymus glands prepared 
in this way are unique in containing consider- 
able quantities of potassium. There is no 
evidence to indicate that myasthenic thymus 
glands contain more tissue potassium than 
normal thymus glands of comparable cellu- 
larity. Since the extracts tested in this study 
were prepared according to the methods of 
Wilson and associates(5), it is probable that 
the results reported by these investigators 
may be partly, if not entirely, due to high 
concentration of potassium in the extracts. 
The combined acetone soluble and acetone in- 
soluble extracts used by Wilson and associ- 
ates may have contained considerable concen- 
trations of potassium. 

It is of interest that in our study a rough 
correlation was found between cellularity of 
thymus glands tested, their potassium con- 
tent and the activity of the extracts. Ex- 
tracts prepared from glands which contained 
little fatty and fibrous tissue contained more 
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extractable potassium-and possessed greater 
activity. Thus, it might be expected that a 
myasthenic or a normal child’s thymus might 
contain more inhibitory activity than the 
fatty, fibrous glands of adults as reported by 
Wilson and associates(5). However, it is not 
possible to explain on this basis the positive 
correlation between extract activity and the 
post-operative course of the patients reported 
by these investigators. The contractures ob- 
served by Wilson and _ associates(5) when 
high concentrations of thymus extracts were 
added to frog rectus abdominis muscle prepa- 
rations may have been due to potassium in 
the extracts(11-13). The potentiation of 
acetylcholine action on the frog rectus prepa- 
ration by thymus extracts reported by Wilson 
and associates(5) may also be due to po- 
tassium ions in the extracts. 


Since simple acetone and saline extraction 
of tissue breis results in crude mixtures of 
many components including small ions in 
varying proportions, extreme caution must be 
exercised in interpreting the effects produced 
by these mixtures on nerve-muscle prepara- 
tions. Of particular importance is potassium 
which in low concentrations blocks the neuro- 
muscular junction (Overton) (14) and in high 
concentrations abolishes the excitability of 
the muscle. 

It is possible that the inhibitory activity of 
myasthenic thymus extracts may not entirely 
be due to potassium in the extracts, but in- 
hibitory activity not due to potassium can- 
not be determined in the presence of exces- 
sive potassium concentrations or abnormal 
concentrations of other ions in the test solu- 
tions. Although desalting procedures might 
eliminate this source of error, it is probable 
that other extraction methods should be used 
in searching for inhibitory activity in thymus 
glands from patients with myasthenia gravis. 

Summary. 1. A method is described which 
permits recording of the isolated myogram of 
indirectly or directly stimulated isolated frog 
sartorius muscle. 2. Acetone extracts pre- 
pared from thymus glands obtained from 16 
myasthenic patients, one normal child’s thy- 
mus, 3 spleens and 2 samples of striated mus- 
cle were tested on the isolated frog sartorius 


606 


preparation. 3. Both acetone soluble and 
acetone insoluble fractions markedly decrease 
the muscle tension curve in 2 to 20 minutes. 


When the muscle becomes inexcitable on in-> 


direct stimulation, it is also inexcitable on 
direct stimulation. 4. The active material is 
heat stable, dialysable and is antagonized by 
CaCl. added to the extracts. 5. Concentra- 
tions of potassium 2 to 44 times the potas- 
sium concentration of frog Ringer were found 
in the extracts. These concentrations of po- 
tassium are sufficient to produce the muscle 
inhibition observed. 6. The significance of 
these results relevant to the search for a 
blocking agent in the thymus glands of my- 
asthenic patients is discussed. 

The authors wish to express their gratitude to Dr. 
Benjamin Castleman for making this work possible 
and for his encouragement and advice throughout the 
course of this investigation. 
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There is considerable suggestive evidence 
in the literature that the liver may be in- 
volved in the formation of serum complement 
and that the latter is diminished in liver dis- 
ease and in experimental hepatic injury. Re- 
ports prior to 1929 were reviewed by Gold- 
ner(1). They indicate diminution of serum 
complement (C’) in experimental phosphorus 
or alcohol poisoning and its disappearance 
following hepatectomy in rabbits. In perfu- 
sion experiments with heat-inactivated serum, 
guinea pig liver contributed complement to 
perfusing serum, enabling the latter to hemo- 
lyze sheep red cells. On the other hand, 
complement remained normal in abdominally 
eviscerated dogs which had retained their liv- 


* Aided in part by grant A 302(R) of the Insti- 
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ers. Goldner, using a rabbit hemolysin-sheep 
cell system in which complete hemolysis was 
used for the C’ titer, found that C’ was sub- 
normal in 8 of 20 cases of ‘“‘icterus catar- 
rhalis” and in 10 of 11 cases of (cholangitic 
and portal) cirrhosis; furthermore, 3 of 7 
cases of metastatic tumor of the liver showed 
diminution or absence of complement, one 
case of acute yellow atrophy complete disap- 
pearance of C’, while 6 cases of cholecystitis 
revealed no change from normal. Recently, 
Jordan(2), using his hematocrit method, re- 
ported marked diminution of C’ in all of 18 
cases of cirrhosis studied; 22 cases of hepa- 
titis showed some drop in C’ near the peak of 
the disease, while 12 patients with obstruc- 
tive jaundice yielded high values. In con- 
trast to these findings, Dulaney(3), using a 
50% -hemolysis endpoint as determined pho- 
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TABLE I. Serum Complement in 65 Patients with Hepatobiliary Disease. 


Age of Serum bilirubin, Serum comple- 
- No. of patients, yr mg/100 ml ment, units 
Diagnosis patients Range Mean Range Mean Range Mean 
Acute hepatitis 
Virus A or B 16 (3) 13-60 30 1,.1-31.2 14.7 1.4-5.7 3.2 
Leptospiral 3 37-52 44 12.0-22.8 18.3 3.8—4.1 3.9 
Toxie 1 22 38.8 1.2 
Cirrhosis 
Aleoholic © 18 (12) 25-56 40 .4-27.0 5.3 1.2—4.7 2.8 
Posthepatitie 2 47, 75 3.5, 9.6 $3, as) 
Biliary obstruction 
Benign 9* 28-60 48 .8—28.0 919 2.0-6.1 4.0 
Malignant 16t¢ 39-72 57 834.0 9.6 1.9—-4.9 3.5 


( ) denotes presence of complicating conditions. 

* Acute (2 cases), chronic cholecystitis (4), common duct stone (3). 

t Carcinoma of gastrointestinal tract (4 cases), pancreas (9), biliary tract (2) and kidney 
(1), causing jaundice and/or metastatic hepatomegaly. 


tometrically, detected no significant changes 
in C’ titer in 25 patients with liver disease, 
including 5 cases of infectious hepatitis and 
12 of cirrhosis. However, in the course of the 
same investigation, this author found C’ di- 
minished in each of 24 patients with induced 
malaria. 

In an attempt to clarify this apparent con- 
flict in the literature, the present study was 
undertaken. 

Materials and methods. Collection of all 
blood specimens was done in Atlantat from 
subjects in pre-prandial state. Only those 
patients were included whose diagnoses ap- 
peared established either by autopsy, biopsy, 
surgical operation, or prolonged clinical ob- 
servation. Twenty healthy persons served as 
normal controls, 65 patients had various 
forms of liver or biliary tract diseases (Table 
I), and 25 patients had miscellaneous _ill- 
nesses. These included pneumonia (3 cases), 
acute rheumatic fever (5), infectious mono- 
nucleosis (1), aseptic meningitis (1), chronic 
pancreatitis (3), rheumatoid arthritis (1), 
sickle cell anemia (2), sarcoidosis (1), lym- 
phoma (1), multiple myeloma (1), myocar- 
dial infarct (1), malignant hypertension (1), 
disseminated lupus (1) and acute (1) and 
burned out stage of glomerulonephritis (2). 
Promptly upon separation from the clots, the 
sera were stored at —40°C and, packed with 


t Grady Memorial Hospital, Emory University 
Hospital and Vet. Adm. Hospital. 


dry ice, were transported by air to New York 
for analysis (K.L.), by the method previously 
reported(4). Fifty % hemolysis was used as 
endpoint. A serum which produced 50% 
hemolysis in the same dilution as a standard 
1:8 guinea pig serum was said to contain 1 
unit of C’. Obviously then, a serum which 
produced 50% hemolysis at twice the dilu- 
tion of the standard serum contained 2 units, 
etc. In our experience the simultaneous test- 
ing of a standard guinea pig serum in each 
test represents an indispensable control over 
many variables, especially the changing fra- 
gility of the sheep cells. 


Results. The serum complement ranged in 
the normal control group from 1.5 to 4.4 
units, with a mean of 2.7. Corresponding 
figures for the abnormal control group, ex- 
clusive of one case of acute glomerulonephritis 
and one of disseminated lupus, were 1.4-4.7, 
and 2.9. The C’ titer of the latter 2 cases 
was severely diminished to 0.1 and 0.5 unit, 
respectively. In previous studies involving 
166 control cases, one of the authors (K.L.) 
had found a normal range of 1.1 to 3 units 
with an average of 1.7(5). Hence, for classi- 
fication of the present results, 1.1 units was 
taken as the lower limit of normal and 1.1 to 
1.4 units were considered as_ borderline 
range. Two distinctly subnormal values in 
the hepatobiliary disease group (Table I) 
were obtained in the 2 patients with post- 
hepatitic cirrhosis, 1 and 2 weeks, respec- 
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tively, before their deaths from hepatic in- 
sufficiency. Three other cases of uncompli- 
cated portal cirrhosis with ascites and low 


serum proteins had borderline titers. C” 


titers in all other cases tabulated were either 
within or above the normal range. While 
these values represent initial examinations 
upon admission to the hospital, the majority 
of these patients had one or more follow-up 
determinations: in no instance was a subnor- 
mal value encountered. 


Discussion. It is a well accepted fact that 
inflammation may result in a rise of C’ 
(4,6,10-13). This fact seems to be borne out 
by the cases of benign obstructive jaundice, 
many of whom had an accompanying chol- 
ecystitis and who showed the highest mean 
C’ values, as well as by the majority of the 
hepatitis patients, who showed elevated C’ 
values. From the data presented, it appears 
that hepatocellular disease does not lower the 
C’ titer. The slight diminution of C’ in the 
2 cases of posthepatitic cirrhosis should 
probably be rather attributed to the mori- 
bund state of these patients than to the pres- 
ence of hepatic disease. A drop in C’ associ- 
ated with extremely grave conditions, includ- 
ing overwhelming infections has been ob- 
served by other authors(1,3,7). 


The discrepancy between our data and 
those of Goldner(1) and of Jordan(2) cannot 
be readily resolved, but may be justifiably 
attributed to differences in analytical tech- 
nics. Certainly, the method used in this 
study could be trusted to reveal evidence of 
subnormal C’ levels, which it has uncovered 
with great consistency in acute and subacute 
glomerulonephritis, in nephrosis and in dis- 
seminated lupus erythematosus(4,5). 

The observed absence of a C’ drop in he- 
patitis would suggest that there is no wide- 
spread antigen-antibody reaction taking place 
in this disease, in contrast to glomerular dis- 
eases and to hypersensitivity states, in which 
such a reaction has been postulated (4,5,6-9). 

The lack of a C’ diminution in hepatocel- 
lular disease speaks against formation of C’— 
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or, at least, its limiting component—in or 
through the liver+ and tends to shift attention 
to the reticulo-endothelial system as its physi- 
ologic source. In contradistinction to Jor- 
dan(2), who speaks of “the great discrimin- | 
atory power of the complement test,” our 
data do not indicate that this offers any aid | 
in the differential diagnosis of liver disease, 
with the exception, perhaps, of a grave prog- 
nosis in the occasional event of C’ diminution. 

Summary. The serum complement. titer 
was determined in 20 patients with acute 
hepatitis, 20 with hepatic cirrhosis, and 25 
with (benign and malignant) biliary obstruc- 
tion. The only distinctly subnormal values 
were encountered in 2 moribund patients sut- 
fering from cirrhosis. The data speak against 
formation of complement in or through the 
liver and fail to indicate usefulness of com- 
plement titration in diagnosis of hepatobiliary 
diseases. 


¢ Authors found C’ elevated in 2 patients in whom 
about two-thirds of the liver had been surgically re- 
moved because of hepatoma. 
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In a previous publication the authors re- 
ported on estrogenic activity of 16 epi-estriol, 
an estrogen recently extracted from urine of 
pregnant women by Marrian and Bauld(1). 
Our results showed conclusively that this 
estrogen was slightly less active than estriol 
(2). Since estriol was shown to have the abil- 
ity to interfere with uterine growth-promoting 
action of estradiol 178(3), it seemed of con- 
siderable interest to determine the effects of 
16 epi-estriol on estradiol 178-induced uterine 
growth. 

Therefore, the present study takes for its 
central theme a series of experiments designed 
to elucidate the effects of 16 epi-estriol on 
uterine growth-promoting and vaginal corni- 
fying ability of estradiol 17. 

Procedures. Virgin, albino rats, approxi- 
mately 100 days of age, were used. They 
were started on treatment 7 days after bi- 
lateral ovariectomy. The 16 epi-estriol was 
dissolved in U.S.P. propylene glycol, and 
estradiol 178 was dissolved in sesame oil 
and/or propylene glycol. They were in- 
jected subcutaneously, each of these com- 
pounds at a separate site, daily for 3 days. 
Vaginal smears were taken daily, and 72 
hours after first injection necropsies were 
performed. Uteri were removed quickly and 
slit longitudinally on bibulous paper, thus re- 
moving excess uterine luminal fluid. The 
uteri were then weighed to nearest 0.2 mg on 
a Roller-Smith torsion balance. After wet 
weights were determined, the uteri were 
placed in an oven at 110°C for dry weight 
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determinations. A standard period of 24 
hours at 110°C was used uniformly for dry- 
ing each uterus. After this period the weight 
of each uterus was determined on a Voland 
Analytical Balance. 


Results. These results clearly indicate that 
S wg of 16 epi-estriol are required to demon- 
strably restrict in part the uterine growth 
promoting action of 0.1 yg estradiol 178 on 
both a wet and a dry weight basis. Smaller 
doses of 16 epiestriol when given in combina- 
tion with our standard dose of 0.1 ug estradiol 
178 do not seem to appreciably modify the re- 
sponse of the uterus to the more potent estro- 
gen (Table I). On the other hand it seems 
quite apparent that a marked reduction in 
uterine growth is effected when 10 »g or more 
of 16 epi-estriol are administered concurrently, 
but at different injection sites, with the estra- 
diol 178 (Table I). Actually, a maximal re- 


TABLE I. Influence of 16 Epi-estriol on Uterine 
Growth Promoting Effects of Estradiol 178 in 
Ovariectomized Rats. 


No. of Uterine Uterine 
Treatment animals wetwt,mg dry wt,mg 
Ovariectomized 25 iniyaysm eek Pb me o7/ 
controls, no 
treatment 
1 pg E* 42 227.3 == O61 AOS = 158 
1.0 wg 16 epi 21 214.2 + 6.5 39.5 + 4.7 
2.0 ug 16 epi Hh 203.7 cele 37.6 + 3.2 
+ .lug E 
5.0 wg 16 epi ffi 190.5 + 9.5 35.1 = 2.6 
8.0 wg 16 epi 13 191.4+ 7.3 35.0 = 2.2 
4. all us EH 
10.0 wg 16 epi 6 174.9 + 6.5 34.9 + 1.0 
25.0 wg 16 epi 7 173.3 + 8.8 Sota ell 
q Lue E 
Reference controls: 16 epi alone 
1.0 ng 8 150.0 + 8.6 26 nS Se 8 
(ly) 8 142.7 + 6.8 Abe Gusts la 
NO) ~” 9 Meese aus. toy f/ 28.5 + 1.6 
Ds) 9 164.3) s=) ool 3 O¥otsts lea 


* E — Estradiol 178; epi = epi-estriol. 
+ Avg + stand. error. 
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striction of uterine growth is obtained on the 
combined treatment of 0.1 pg estradiol 178 
plus 10 »g 16 epi-estriol. Of particular signifi- 


cance is the fact that a summation of the two’ 


estrogens does not obtain, even though the 
maximal growth potential of the uterus is at 
least 50% more than that reported for 0.1 pg 
estradiol 178(3). 

This substance does not seem to alter the 
vaginal cornifying effects of estradiol 17{. 
The vaginal smears of those animals on 0.1 
wg estradiol 178 with and without 16 epi- 
estriol seem to be relatively indistinguishable, 
both showing a preponderance of cornified 
epithelial cells with degenerative nuclei. Thus, 
the restrictive action of 16 epi-estriol seems to 
be mainly on the uterine growth-promoting 
effects of estradiol 178. 

These results quite clearly parallel those of 
Hisaw, Velardo, and Goolsby(3), who re- 
ported that estriol likewise inhibited estradiol 
178 on the growth of the uterus. Further- 
more, Huggins and Jensen(4) showed that 16 
epi-estriol was quite efficacious in restricting 
the effects of estrone on the uterus in hypo- 
physectomized rats. Therefore, these results 
seem wholly consonant with the thought that 
the various estrogens and/or their metabolites 
act in concert to produce the end organ result 
(3). These experiments provide additional 
data that give credence to the concept that 
an endocrine response is accomplished through 
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a precise ratio of the hormone and/or its |} 
metabolites. | 

Summary. The adult, ovariectomized rat | 
was used to ascertain the effects of a new 
estrogen, 16 epi-estriol, on the activity of | 
estradiol 178. These results indicate that 
when 3 daily doses of 5 to 25 pg of 16 epi- 
estriol are subcutaneously injected into rats 
receiving 0.1 pg estradiol 178 daily for the 
3-day period, the response of the uterus to 
estradiol is restricted. Normally, 3 daily doses 
of 0.1 yg estradiol 178 increase the uterine 
wet weight from the value of the ovariecto- 
mized rat from approximately 116 mg to 227 
mg. The simultaneous administration of 5, 
10, or 25 wg of 16 epi-estriol in addition to 
the estradiol treatment reduces the response 
to 191 down to 173 mg. The inhibitory ac- 
tion is likewise reflected in the dry weight 
data. No apparent modification of the vaginal 
cornifying action of estradiol could be induced 
by 16 epi-estriol. 
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Serodiagnosis of leptospirosis presently is 
based on agglutination, agglutination-lysis 
(AL), and complement-fixation procedures. 
The agglutination test employing killed lepto- 
spirae has been found to parallel the AL test 
in its type specificity(1). Gochenour(1) 
found that complement-fixation tests em- 
ploying sonically-disrupted leptospiral anti- 
gens(2) showed a broader spectrum than AL 
procedures. Various modifications of AL 


procedure, such as that of Stoenner(3), may 
alleviate some difficulties associated with AL 
technic, in this case the hazard of working 
with living leptospirae. However, several 
serotypes of leptospirae known to be involved 
in leptospirosis make it necessary to employ 
several antigens in the above technics used as 
screening tests, the choice of serotypes de- 
pending on specificity of procedure and the 
purpose of the investigation(4). The need 
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for screening procedure employing antigen 
with specificity sufficiently broad to manifest 
antibodies produced against all serotypes of 
leptospirae would seem apparent. Recent 
progress was made by Chang and McComb 
(5), who described a hemagglutination (HA) 
procedure using human blood group O eryth- 
rocytes. Their HA test exhibited fairly broad 
specificity, based upon titers which were, 
however, very moderate in comparison with 
those of the highly type-specific AL reaction. 
Several reports(6-10) appeared concerning 
microbial substances capable of sensitizing 
erythrocytes in the presence of homologous 
antiserum to lytic action of complement (C’). 
Preliminary studies in this laboratory dem- 
onstrated that ethanol extracts of leptospirae 
were capable of sensitizing sheep erythrocytes 
to subsequent agglutination by homologous 
rabbit antisera, confirming the work of Chang 
(5) using human group O cells. Further in- 
vestigation showed that sensitized sheep 
erythrocytes were susceptible to lysis in the 
presence of high dilutions of homologous rab- 
bit antisera and complement. 

This report describes the performance of 
the hemolytic test (HL) and results of studies 
to ascertain its specificity and sensitivity in 
comparison with the AL and HA procedures. 

Materials and methods. Cultures—L. po- 
mona, L. icterohemorrhagiae B, L. bataviae, 
L. grippo-typhosa, L. hebdomadis, and L. 
canicola B were obtained from Dr. Harold S. 
Bryan, College of Veterinary Medicine, Uni- 
versity of Illinois. ZL. autumnalis, L. ictero- 
hemorrhagiae C, L. canicola C were obtained 
from Dr. R. S. Chang, Harvard University 
School of Public Health. JZ. canicola R, L. 
hyos, L. ballum, and L. pyrogenes were ob- 
tained from the Veterinary Division, Army 
Medical Service Graduate School. All cul- 
tures were grown in a medium consisting of 
0.2% sterile tryptose-phosphate broth (Dit- 
co). Before use, sterile rabbit serum was 
added to final concentration of 10% and final 
medium heated in 56°C waterbath for 30 
minutes. This medium was simple to prepare 
and yielded leptospiral growth comparable 
with other contemporary leptospiral media. 
Diluent. Phosphate-buffered isotonic saline 
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was used in AL and-HA procedures. It con- 
sisted of 0.137 M NaCl, 0.01 M NasHPOu,, 
and 0.003 M KH».POs,, yielding pH 7.2. Ver- 
onal-buffered saline was prepared as de- 
scribed by Mayer(11) and used as diluent in 
the HL procedure. The AL Procedure fol- 
lowed that of Gochenour(1), except that sera 
were decimally diluted. Jmmune sera were 
obtained from rabbits injected with viable 5 
to 7-day-old cultures of leptospirae. Before 
use in HA and HL tests, each serum was inac- 
tivated and adsorbed with 0.1 volume of 
washed sheep erythrocytes. Pre-inoculation 
sera were collected from each rabbit, and 
checked for presence of leptospiral antibodies 
by all 3 procedures. Leptospiral extracts were 
prepared essentially as reported by Chang(5), 
with the exception that the 90% ethanol pre- 
cipitate was washed in absolute ethanol, 
dried, and weighed. Dried, weighed extract 
was then redissolved in merthiolated saline to 
final stock concentration of 0.2 mg/ml. In 
later experiments, incorporation of veronal 
diluent at pH 7.4 in stock solution maintained 
extracts at constant activity in the HL test 
for several months. One fraction has been so 
maintained with constant activity for over 8 
months. Active extracts were prepared from 
all leptospiral cultures excepting L. grippo- 
typhosa and L. ballum, from which extracts 
have been prepared with at most only slight 
HL activity. Considerable difference oc- 
curred between HL activities of extracts ob- 
tained from different culture growths of the 
same organism. Sensitization of Erythrocytes 
for HA and HL Procedures. One volume of 
10% suspension of washed sheep erythrocytes 
was mixed well with 10 volumes of appropri- 
ate dilution of leptospiral extract. Erythro- 
cyte suspension and fraction dilution were 
prepared in appropriate diluents. The mix- 
ture was agitated intermittently for 1 hour 
in 37°C waterbath, centrifuged, and the 
packed erythrocytes washed once with dilu- 
ent. The sensitized erythrocytes were then 
reconstituted to a 1% suspension in appro- 
priate diluent. HA Procedure. One-tenth 
ml volumes of sensitized erythrocytes were 
added to 0.4 ml volumes of decimal dilutions 
of sera. The cell control contained sensitized 
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TABLE I. Reciprocal Agglutination-Lysis Titrations.* 
eee —————————————————ooooeoeq=~=~om 
Anti-leptospiral rabbit sera 


—~ 2 
= ie s S Ss ns = a o S s 
S S = 3 os &S : : g $ = 
Leptospiral £ 3 = = = = ES S 35 4S S S 
antigens S 3 RS = = S = = = cS &, = 
autumnalis h il — — — 1 2 — —- 4 2 — 
ballum _— 4 — 2 2 — — —- 1 — — 4 
bataviae — — 4 —— — nee 2 1 1 —- —- — 
canicola B — 2 — 4 5 il 1 —- 2 — — 2 
canicola C 1 2 — 4 5 2 at —- 3 1 — 2 
canicola R 2 a 4 5 — — as 3 — —- 3 
grippo-typh. _ -= = — — 4 1 — 1 2 il — 
hebdomadis 1 D - 
hyos — — 2 1 — 1 if 6 — -—— — —- 
ictero B 1 2 a 3 3 — —- — 4 — — 3 
ictero C 3 =e — == i a ] — af iH) 2 — 
pomona 2 2 4 — 
pyrogenes — 4 — 2 2 1 — 1 1 — = a) 


* Titers expressed as logs of highest decimal dilutions showing definite reaction. ‘‘—’’ indi- 


cates no reaction in a dilution of 10+ or higher. 


erythrocytes and diluent. Serum control con- 
tained lowest dilution of serum and non-sen- 
sitized erythrocytes as a check on adsorption. 
Tubes were agitated and incubated at 30°C 
for 16-20 hours, and read by gently flicking 
the tube. HL Procedure. One-tenth ml vol- 
umes of sensitized erythrocytes were 
added to 04 ml volumes of decimal 
dilutions of sera. Two exact units of 
guinea pig C’ in 0.2 ml volume were 
added to each tube, followed by addition of 
0.3 ml of diluent. Serum control contained 
non-sensitized in place of sensitized erythro- 
cytes. C’ control contained diluent in place 
of serum, and sensitized cell control contained 
sensitized erythrocytes plus 0.9 ml of diluent. 
Tubes were agitated and incubated 1 hour in 
37°C waterbath and read for hemolysis in 
usual manner, recording hemolysis as com- 
plete, partial, and negative. Standardization 
of Leptospiral Extracts for HA and HL Pro- 
cedures. Double dilutions of the extract start- 
ing from 0.2 mg/ml were used to sensitize 
erythrocytes in the HA procedure. Such sen- 
sitized erythrocytes were then set up against 
master dilutions of known homologous im- 
mune rabbit sera in HA and HL procedures. 
Titration of all dilutions of extract against 
each serum dilution in HL tests was made in 
presence of 0.2 ml of 1:30 dilution of guinea 
pig C’ per tube, which was consistently found 


to represent an excess of C’. The end-point 
or concentration of extract used in further 
tests was selected as highest dilution, or 
smallest amount, above which there was no 
decrease in activity. Acceptable levels of ex- 
tract activity demonstrated homologous im- 
mune serum HA titers between 1:10 and 
1:100 and HL titers of 1:100 to 1:10000. 
Satisfactory HA and HL activity was usually 
achieved with extract concentrations ranging 
from 2.0 to 200 mg/ml. Some extracts in 
high concentrations hemolyzed erythrocytes 
in diluent; however, the end-point was always 
several dilutions higher than that which 
caused hemolysis. Titration of C’ for Use in 
HL Procedure. Using leptospiral extract 
which had been diluted according to previous 
standardization and the usual decimal dilu- 
tions of homologous immune serum, series of 
titrations were set up, each with increasing 
0.05 ml increments of guinea pig C’ diluted 
1:30. Volumes of C’ ranged from 0.05 to 
0.3 ml. The end-point or 1 exact unit of C’ 
was taken as the smallest amount showing 
complete lysis in highest dilution of immune 
rabbit serum, and 2 exact units in 0.2 ml vol- 
ume were used thereafter in HL procedure. 
Results. Reciprocal AL titrations between 
various leptospiral serotypes and _ their 
homologous and heterologous antisera were 
carried out. It is apparent from Table I 


HEMOLYSIS OF LEPTOSPIRA SENSITIZED ERYTHROCYTES 


613 


TABLE IT. Reciprocal Hemolytic Titrations.* _ 


Anti-leptospiral rabbit sera 


grippo-ltyph. 


“ ) 
< a s S 2 
= 2 sc Ss 8s = QR 8} S = 
= = 2 BS = S =) Ss S > 
Leptospiral = = << ‘Ss = Ss 2 = = = S 
antigens = aS & = = S > 8 8 = = 
5 2 = S = = a 
autumnalis 3 3 4 3 3 2 4 4 3) 2 3 3 
bataviae 2 3 oy 2 2 2 2 3 2 2 es 2 
canicola B 2 3 2 Z 2 2 Py 3 2 2) 2 2 
canicola C 3 4 4 3 4 3 4 4 3 5 3 4 
canicola R 3 3 3 3 & 2 e 4 3 3 3S 3) 
hebdomadis 2 2 2 2 2 2 zy 2 2 2 2 2 
hyos 3 3 3 2 iS 2 3 3 3 2 2 2 
ictero B 3 4 3 3 3 2 3 4 3 3 3 3 
ictero C 3 3} 4 4 4 3 4 4 4 4 3 4 
pomona 3 4 5) + 4 3 4 5) 4 5 2 4 
pyrogenes 2 2 2 2 2 2 2 2 2 il 2 a 


* Titers expressed as logs of highest decimal dilutions showing definite reaction. 


that AL reaction is quite type-specific as is 
generally recognized. The same master dilu- 
tions of immune rabbit sera were used to set 
up similar reciprocal HL titrations (Table 
II). HL reaction is extremely group specific. 
Antibodies produced against any one of the 
leptospiral types reacted broadly with all lep- 
tospiral fractions studied. The finding of 
higher heterologous than homologous titers 
with some antisera is felt to reflect differ- 
ences in activity between fractions obtained 
from different leptospiral types. For ex- 
ample, highly active fractions were obtained 
consistently from our cultures of L. pomona, 
L. icterohemorrhagiae, and L. canicola C. 
However, as mentioned previously, only the 
slightest activity was obtained from extracts 
prepared from L. ballum and L. grippo-ty- 
phosa. Fractions obtained from L. pyrogenes 
were consistently low in HL activity. On the 


basis of results in Tables II and III, L. po- 
mona was selected as the culture from which 
we obtained extracts for use in screening hu- 
man sera for leptospiral antibodies by HL 
and HA procedures. 

Selected leptospiral extracts were used to 
sensitize sheep erythrocytes which were then 
cross-titrated in HA procedure with homolo- 
gous and heterologous immune rabbit sera 
(Table III). Although only selected extracts 
were used in HA titrations, it should be men- 
tioned that, as in HL titration, extracts pre- 
pared from L. ballum, L. grippo-tphosa, and 
L. pyrogenes consistently possessed minimal 
activity or were completely inactive. The 
HA reaction is apparently similar in spectrum 
to the hemolytic reaction; however, HA titers 
were consistently lower, which causes the de- 
gree of crossing to appear less significant than 
in HL procedure. 


TABLE III. Reciprocal Hemagglutination Titrations.* 


Anti-leptospiral rabbit sera 


=~ % 
aS S & Ss & 
y Shei cee as i os 
= < a S Ss cS Ss S = S 
EN ape et nie, MFRS ge i It here aaa mee ak 
Leptospiral s S = = s Ss S S iS iS s = 
antigens = 5 S 3 S3 > = = s ES Sy, = 
autumnalis 2 2 1 2 2 1 2 2 2 il 2 2 
canicola C 2 2 2 2 2 1 2 2 2 il 2 2 
canicola R 1 i 1 1 1 Ht 1 1 it —- 1 1 
ictero C 2 2 2 2 2 1 2 2 2 it 2 2 
pomona 2 2 2 2 2 1 2 2 2 1 2 2 

* Titers expressed as logs of highest decimal dilutions showing definite reaction. ‘‘—’? indi- 


cates no reaction in a dilution of 107 or higher, 
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TABLE IV. Comparative Titrations on Human 


Sera. 


No. of sera Result using following 
showing titrations: 
result AL HL HA 
505 —* — — 
9 Stal = == 
10 — + — 
23 —- — + 
i + - -- 
24 - ~ ~ 
0 + -- + 
8 - > - 
Total sera 580 
Total positive 75 18 43 55 
% positive 12.9% 3.1% 74% 9.5% 


* Negative = No reaction in dilution of 107 or 
higher. 

t Positive = Complete reaction in dilution of 10+ 
or higher. 


To compare relative activity of each of the 
3 procedures, AL, HA, and HL titrations were 
performed on 580 human sera submitted at 
random from hospitals and clinics in this area 
(Table IV). With none of the patients was 
an initial clinical diagnosis of leptospirosis 
considered. All 3 procedures were performed 
as previously described, and the AL test was 
performed using 3 types: L. pomona, L. ictero 
B, and L. canicola B. It should be mentioned 
that of the 580 sera, only 2 febrile patients 
were available for repeat serum titrations. 
One patient showed progressively increasing 
titers to both AL and HL procedures to peak 
at 1:10000 levels. The AL titers were against 
L. icterohemorrhagiae and L. canicola, and 
the HA titer remained at 1:10 throughout. 
The other patient never showed a positive AL 
titer with any of the 3 leptospirae used as 
antigens; however, the HL titer progressively 
increased during course of the illness to a 
level of 1:10000, and the HA titer rose to a 
level of 1:100. Six of the positive sera showed 
AL titers of 1:1000 or higher, and 3 showed 
AL titers of 1:10000 or higher. In a similar 
fashion 21 sera showed HL titers of 1:1000 
or higher and 5 were as high as 1:10000. 
None of the sera showed HA titers above 
1:100. 

It should be noted that the apparent ad- 
vantage of the HA procedure in detecting 
antibodies missed by the other two procedures 
(23 sera) was based upon an HA reaction in 
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serum dilutions of only 1:10, without which 
the positive HA reactions would drop to 
1.1%. The reason for this number of weak 
HA reactions and their connection with lepto- 
spirosis is not known. The sera had been ade- 
quately adsorbed with sheep erythrocytes, as 
evidenced by negative controls. In contrast, 
positive reactions in AL and HL procedures 
were based predominantly upon complete re- 
actions in serum dilutions of 1:100 to 
1: 10000. 

Ability of HL procedure to detect anti- 
bodies in titers of 1:100 or higher missed by 
AL procedure could be readily explained on 
the basis of differences in specificity of the 
reactions. Thus, it is felt that a total of 31 
of the 34 sera in Table IV may be showing 
high HL titers stimulated by serotypes of lep- 
tospira other than the 3 used in these AL 
tests. Ability of the AL test to detect anti- 
bodies missed by the other 2 procedures (9 
sera) is at present unexplained; however, it 
is possible that this reflects differences in per- 
sistence of antibody levels detectable by the 
3 procedures. Clarification of this point 
would depend upon the difficult task of coup- 
ling similar studies on selected human cases 
of leptospirosis with adequate cultural studies, 
extending over many months from very early 
in the course of the illness. 

If leptospiral extracts should prove to re- 
main stable over long periods of time with 
respect to HL activity by other workers, it 
would seem that the HL procedure would 
show promise as a convenient and useful tool 
with which to screen human sera for lepto- 
spiral antibodies. Although it requires an 
extra step in the addition of complement over 
the HA procedure, it is as easily read, more 
rapid in performance, and considerably more 
sensitive. It is certainly less hazardous to 
the operator than the AL procedure. HL pro- 
cedure would seem to warrant further study 
as a screening tool by those laboratories 
where adequate bacteriological control studies 


as well as patient followups would be avail- 
able. 


Summary. Leptospiral extracts are capable 
of sensitizing sheep erythrocytes to the HL 
action of homologous and heterologous lepto- 


| 


| 
| 
| 
| 
\ 
| 


CrLot RETRACTION UNAFFECTED BY SEROTONIN 


spiral antiserum and complement, and de- 
scription of the HL procedure is presented. 
The HL procedure was shown to be broadly 
specific, in sharp contrast to the high degree 
of type specificity seen in the AL procedure. 
In comparison with HL titrations, the HA 
reaction was also found to have broad speci- 
ficity but to be considerably less sensitive 
than the HL reaction. All 3 procedures were 
compared in a study involving 580 randomly 
selected human sera, from which data it 
would seem that the HL procedure warrants 
further study as a possible screening tool for 
the rapid detection and titration of leptospiral 
antibodies in human sera. 
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Failure of Synthetic 5-Hydroxytryptamine Creatinine Sulfate to Enhance 


Clot Retraction of Platelet-Poor Human Plasma.* 


(22114) 


Sercio I. Macarinit AND Mario STEFANINI.+ 
Saint Elizabeth’s Hospital and Department of Medicine, Tufts University School of Medicine. 


Many platelet constituents with specific ef- 
fects on the hemostatic mechanism have been 
recently identified(1). Whether they repre- 
sent intimate constituents of platelets or are 
carried by them still requires investigation. 
These agents include a thromboplastic factor 
(2), constituents accelerating conversion of 
prothrombin to thrombin and of fibrinogen to 
fibrin(3), an antiheparin factor(4), possibly 
antifibrinolysin(5,6). An additional sub- 
stance, 5-hydroxytryptamine (serotonin), has 
been identified in dried platelets preparation 
(7,8) and shown to liberate from platelets 
during clotting of human blood(9). Sero- 
tonin has been shown to possess vasoconstric- 


* Supported by grant H-2132 from the National 
Institute of Health and grant-in-aid from the Ameri- 
can Heart Assn. 

+ Damon Runyon Fellow in Cancer Research. 

+ Established Investigator, American Heart Assn. 


tor and capillary protecting activity(10). Re- 
cently, it has also been suggested that sero- 
tonin is able to induce clot retraction of plate- 
let-poor bovine and human plasma(11,12). 
This observation is of considerable impor- 
tance since clot retraction has been generally 
considered to be due to intact platelets rather 
than to a single platelet constituent. This 
study is an attempt to evaluate the clot re- 
traction promoting effect of the commercially 
available synthetic derivative of serotonin, 
5-hydroxy-tryptamine creatinine sulfate, the 
use of which is currently recommended in the 
treatment of the bleeding tendency of throm- 
bocytopenic states. At the same time, ob- 
servations have been made on the ability of 
this compound to influence the rate and extent 
of prothrombin conversion during clotting of 
platelet-poor plasma. 

Materials. Native platelet-poor plasma. 
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TABLE I. Effect of 5-Hydroxy-tryptamine Creati- 

nine Sulfate on Clot Retraction and Prothrombin 

Utilization during Clotting of Undiluted Platelet- 

Poor Human Plasma.* 

Final cone. of 

5-hydroxy-tryp- 
tamine creati- 
nine sulfate, 


Prothrombin ac- 
tivity of serum, 
% (1 hr after 


Clot retraction, 
YJ (24 hr after 


mg % clotting ) clotting ) 
80 10.5 87 
40 10 84 
20 9.5 86 
10 10 92 
5 8 81 
ya) 8.5 84 
IE 9 93 
6 9.5 93 
3 10 87 
ul 10 90 
Controlt 8 90) 


* Avo results of 4 experiments. 
+ Saline solution, 1/10 volume. 


Blood was collected from fasting healthy don- 
ors with the “double syringe technic” in Sili- 
cone-coated syringes through Arquad 2-C 
coated needles. Blood was transferred to 
pre-cooled Silicone-coated test tubes and cen- 
trifuged in the cold (4°C) at 3,000 for 30 
minutes. The upper 24 of supernatant plasma 
only were then promptly transferred to an- 
other pre-cooled Silicone-coated test tube and 
promptly added to the various dilutions of 
the substance under study. Silicone-coated 
pipettes were used in all steps. Citrated plate- 
let-poor plasma. Blood was collected with 
the same technic and transferred to Silicone- 
coated test tubes containing 1/10 volume of 
0.2 M solution of sodium citrate. Blood and 
anticoagulant were promptly mixed by in- 
verting the tube which had been stoppered 
with paraffin-coated cork. Synthetic 5-hy- 
droxy-tryptamine creatinine sulfate, was 
made available through the courtesy of Dr. 
Merrill E. Speeter.' Serial dilutions were 
made in saline solution, and strengths used 
are indicated in Tables I and II. Determina- 
tion of clot retraction. Immediately after 
completion of clotting, clot was rimmed by 
the technic of pushing a thin glass rod to the 
bottom and circling it around the clot. Tubes 
were then incubated in water bath at 37°C 
for 1 or 3 hours. After visual inspection, vol- 
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ume of serum expressed when the tube was i 
inverted at an angle of 60° was taken as | 


measure of retraction. Serum prothrombin 
time (prothrombin consumption) was deter- 
mined by our method(13), 1 or 3 hours after — 
completion of clotting. 

Results. 1. Effect of 5-hvdroxy-tryptamine 
creatinine sulfate on clot retraction and pro- 
thrombin utilization during clotting of plate- 
let-poor native human plasma. Experiments 
were made in duplicate. Various concentra- 
tions of 5-hydroxy-tryptamine creatinine sul- 
fate in a constant volume of 0.1 ml were 
transferred to chemically clean glass test 
tubes kept in water bath at 37°C; 0.9 ml of 
native platelet-poor human plasma were then 
added to each tube and the contents mixed. 
A similar experiment was performed using 
Silicone-coated test tubes and comparable 
results were obtained. There was no appre- 
ciable and constant effect on the speed of clot- 
ting, clot retraction and serum prothrombin 
activity one and 3 hours respectively after 
completion of coagulation. There was no 
appreciable difference in clot retraction 24 
hours after clotting between tubes containing 
5-hydroxy-tryptamine creatinine sulfate and 
the control containing 1/10 volume of saline 
solution, as shown in Table I. 

2. Effect of 5-hydroxy-tryptamine creat- 
inine sulfate on clot retraction of diluted na- 
tive or citrated human plasma. Native or 
citrated human plasma were diluted 1:5 with 
sterile 0.85% NaCl solution. 4.5 ml of di- 
luted plasma were added to a series of glass 
test tubes kept in water bath at 37°C con- 


TABLE II. Effect of 5-Hydroxy-tryptamine Cre- 

atinine Sulfate on Clot Retraction and Prothrom- 

bin Utilization during Clotting of Diluted Platelet- 
Poor Human Plasma.* 


Final cone. of 
5-hydroxy-tryp- 
tamine creati- 
nine sulfate, 


Clot retraction, % 
(24 hr after clotting) 


mg % Citrated plasmat Native plasma 
40) 74 
20 72 No clot 
10 70 
Controlt 72 


* Avg of several experiments. 
+ Clotted with bovine thrombin. 
{ Containing saline solution, 1/10 volume. 
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taining various concentrations of 5-hydroxy- 
tryptamine creatinine sulfate in a constant 
volume of 0.5 ml. Diluted native plasma was 
allowed to clot spontaneously. Clotting often 
did not occur in some instances when plasma 
had been made practically platelet-free by 
centrifugation. Diluted citrated plasma was 
clotted with the addition of 0.2 ml saline 
solution containing 60 units of purified bovine 
thrombin. Clot retraction was observed and 
volume of separated serum measured 3 and 
24 hours after completion of coagulation. Re- 
sults 24 hours after clotting are presented in 
Table Il. Residual prothrombin activity was 
negligible because of the high dilution of 
plasma. There was no demonstrable effect 
on retraction of the clot. 


Discussion. Correll et al.(10) studied the 
thromboplastic activity of serotonin deriva- 
tives by investigating their ability to acceler- 
ate the clotting time of plasma. Their nega- 
tive results are confirmed by ours. On the 
other hand, our results on effect of serotonin 
derivatives on the retraction of the clot are 
not confirmatory of those already presented 
in the literature(11,12). Since, however, it 
is not known whether synthetic products and 
5-hydroxy-tryptamine carried or liberated by 
platelets are identical in structure and prop- 
erties, our negative experiment does not prove 
that platelet serotonin may not contribute to 
the mechanism of clot retraction, as postu- 
lated by Fenichel and Seegers. 

Perhaps, explanations might be offered for 
the discrepancy between our findings and 
those of other authors. There may be dif- 
ferences in purity of the reagents used. More- 
over, the complexity and multiplicity of the 
factors influencing clot retraction has been 
emphasized by many authors and recently 
summarized by Budtz-Olsen(14). Thus, it 
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is likely that, without-extremely careful con- 
trol of all experimental conditions, results 
may be at great variance and not constantly 
reproducible. Since little is known of the 
ideal conditions under which clot retracts in 
vitro and in vivo, the evaluation of the clot 
promoting activity of a drug remains a haz- 
ardous problem. 

Summary. Synthetic 5-hydroxy-tryptamine 
creatinine sulfate failed to enhance clot re- 
traction and prothrombin utilization during 
clotting of platelet-free human plasma. These 
results are at variance with recently reported 
findings. 
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Delayed Blood Coagulation in Rabbits with Localized Shwartzman Reaction. 
(22115) 


Bruno W. VoLk AND SAMUEL LOSNER. “With technical assistance of Alice Einhorn) 


Isaac Albert Research Institute and Department of Laboratories, Jewish Chronic Disease Hospital, 
Brooklyn, N. Y. 


In previous work(1) the authors elabor- 
ated a procedure indicating the presence or 
absence of fibrinogen in serum derived from 
minimally heparinized blood. Subsequently, 
a correlation between the utilization of fibrin- 
ogen and the rheumatic state was attempted. 
The results seemed to indicate an accelerated 
fibrinogen polymerization in active rheumatic 
disease. In order to obtain experimental veri- 
fication of the reported clinical findings this 
procedure, described as “fibrinogen polymer- 
ization test’”(2), was applied to rabbits in 
which a Shwartzman phenomenon had been 
produced. Minimally heparinized rabbit 
blood withdrawn 24 hours after the provoca- 
tive intravenous injection of endotoxin failed, 
however, to coagulate within an observation 
period of 7 or 8 hours so that the test could 
not be carried out properly, since gross coagu- 
lation of the heparinized specimen is a pre- 
requisite. This observation seemed to indi- 
cate delayed coagulation independent of the 
in vitro addition of minimal amounts of 
heparin. Consequently, it was postulated 
that the Shwartzman phenomenon may be 
associated with a prolonged Lee-White clot- 


ting time. Verification of this assumption 
was sought in the experiments reported 
herein. 


Materials and methods. Twenty rabbits of 
either sex, each weighing approximately 2 kg, 
received 0.5 cc of meningococcus endotoxin* 
intradermally, followed by the intravenous 
administration of 2.0 cc of endotoxin 24 hours 
later. On the 3rd, 4th, 5th and 8th day of 
the experiment, Lee-White clotting times were 
determined with blood withdrawn by cardiac 
puncture. About 15 cc were swiftly aspir- 
ated after careful shaving of the precordium 
and palpating of the point of maximum car- 


*We wish to express our appreciation to Dr. 
Gregory Shwartzman for providing meningococcus 
endotoxin for the experiments reported herein. 


diac impulse. Only a portion of the aspirated |} 
15 cc were utilized for the Lee-White clotting | 
time, thus leaving a considerable amount of | 


blood within the syringe assumed to contain fj 


most of the tissue juice with its thrombo- | 
plastic properties. 
uring 14 mm x 10 cm were utilized for the | 
determination of the Lee-White clotting time. 
About 2 cc of blood were placed into each 
tube. A fourth, graduated centrifuge tube 
containing 0.2 cc of 0.1 molar solution of 
sodium citrate was filled up to the 2 cc mark | 
and served for the determination of prothrom- 
bin time according to the photo-electric modi- 
fication of the one-stage Quick method(3). 
Lee-White clotting times were obtained at 
room temperature which varied from 22°-26°. 
The end point at which the clotting time was 
read coincided with the formation of a solid 
clot which permitted the complete inversion 
of the test tube without displacement of the 
coagulum. 


Results. Typical localized Shwartzman re- 
actions were elicited in 16 of the 20 rabbits 
employed in this study. Characteristic hemor- 
rhagic necrotic lesions at the site of the sensi- 
tizing intradermal injection of the endotoxin 
appeared well before 24 hours had elapsed 
after the provocative intravenous administra- 
tion of the meningococcal endotoxin. As seen 
from Table I, the mean Lee-White clotting 
time in all 20 animals was 18 minutes on the 
third day of the experiment, 7.e. 24 hours 


TABLE I. Mean Lee-White Clotting Times and 

Prothrombin Times of Rabbit Blood Obtained 

through Cardiac Puncture at Various Stages of 

Shwartzman Reaction. 

ass. SS === 
Days after initiation of 

experiment 

4th Sth 8th 


Lee-White clotting time 18 8.3 7.4 4.3 
in min. 


3rd 


Prothrombin time in see (Oy 4.5 ON 7.4 


Three glass tubes meas- | 


DELAYED COAGULATION AFTER SHWARTZMAN REACTION 


after the provocative intravenous injection, at 
which time the Shwartzman reaction was 
quite-pronounced and declined to 8.3, 7.4 and 
4.3 minutes on the 4th, 5th and 8th day. No 
group distinction could be established be- 
tween the clotting times of the majority of 
rabbits in which the Shwartzman reaction 
was visible and the few animals in whom no 
necrotizing lesion appeared. In a separate 
group of 10 normal rabbits the clotting time 
of intracardiac blood was determined at room 
temperature and found to have a mean value 
of 5.5 minutes. 


Prothrombin times in all animals subjected 
to the Shwartzman phenomenon appeared to 
be normal throughout (mean value 6.1 sec- 
onds) and did not disclose any definite 
lengthening, even at the time when the Lee- 
White clotting times were markedly pro- 
longed. 


Discussion. Although no satisfactory ex- 
planation of the pathogenesis of the Shwartz- 
man phenomenon has yet been found(4), it 
is known to be characterized by a hemor- 
rhagic necrosis in the prepared skin site. It 
seems that the second-provocative-injection 
of bacterial filtrate leads to injury of the walls 
of small blood vessels. Moreover, thrombosis 
of these vessels has been found to be a con- 
stant pathological feature(4-6). 


The results of our study disclose that the 
localized Shwartzman reaction is accompan- 
ied by a prolongation of the Lee-White clot- 
ting time with a mean value of 18 minutes as 
compared to a normal mean of 5.5 minutes. 
Although the nature of this prolonged clotting 
time remains undetermined at present, the 
release of heparin or heparinoid substances as 
tissue reaction to anaphylactoid stimuli(7) 
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seems to offer an explanation. The prolonged 
clotting time may contribute to the hemor- 
rhagic nature of the Shwartzman reaction. 
On the other hand, it is not of such magnitude 
as to prevent the phenomenon as has been 
achieved with large doses of heparin(8,9), 
namely 30 mg per kg producing incoagula- 
bility of rabbit blood for about 7 hours(6). 
Nevertheless, it seems to be of interest that 
rabbit blood which physiologically displays 
a high degree of hypercoagulability should 
lose this property when the localized Shwartz- 
man phenomenon is induced. Hypercoagula- 
bility of rabbit blood is manifested not only 
in a relatively short Lee-White clotting time, 
but also in a rather short prothrombin time 
(Table I). 


Summary. 1. A localized Shwartzman re- 
action was produced in 20 rabbits. 2. The 
Lee-White clotting time determined with 
blood obtained through cardiac puncture was 
found considerably prolonged when the reac- 
tion appeared and gradually returned to nor- 
mal during the ensuing 6 days. 
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Hepatic Damage in Rats Fed Human Foodstuffs.* (22116) 


Oscar D. RatNorr, Simon KoLetsky, AND ARTHUR J. Patek, JR.' 


Department of Medicine Western Reserve University School of Medicine and University Hospitals, 
Cleveland, Ohio. 


It is well established that laboratory ani- 
mals fed one or another deficient diet may 
develop hepatic lesions resembling Laennec’s 
cirrhosis. These observations have supported 
the view that an inadequate dietary intake 
contributes to the development of cirrhosis in 
human subjects. By and large, however, the 
experimental diets have had little resemblance 
to the diets eaten by such patients. The hy- 
pothesis that dietary deficiency is important 
in the pathogenesis of human cirrhosis would 
be strengthened if similar lesions appeared 
in animals fed foodstuffs resembling those 
eaten by patients with this disease. Gillman, 
Gillman, Mandelstam and Gilbert(1) were 
able to produce severe hepatic damage in rats 
fed corn meal and sour milk, a diet similar to 
that eaten by South African natives who 
commonly develop disease of the liver. The 
changes observed in rats included diffuse 
fatty liver, cirrhosis, and atrophy or hyper- 
trophy of individual hepatic lobes without 
parenchymal necrosis. It seemed of interest 
to determine whether experimental animals 
would develop hepatic changes if fed diets 
similar to those of patients with cirrhosis of 
the liver in this country. The experiments to 
be described suggest that rats fed such diets 
may develop lesions which bear a similarity to 
those of human cirrhosis. 

Method. Young male albino rats of the 
Wistar strain obtained from Carworth Farms, 
New City, N. Y., were housed in individual 
cages with open meshed bottoms. All rats 
were fed Purina dog chow and tap water ad 
libitum until the onset of the experimental 
period, at which time their mean weight was 
about 110 g. The rats were then fed one of 


* This work would not have been possible without 
the assistance of Miss Joan E. Colopy, Mrs. Velma 
H. Axelrod and Mrs. Rosemary Shaft. 

+ Present address: Research Service, Columbia Uni- 
versity Division, Goldwater Memorial Hospital, New 
Yiork City. 


4 diets ad libitum as follows: Diet A (12 rats) 
—Purina dog chow and tap water, Diet B 
(45 rats)—spaghetti, olive oil and wine; the 
wine was diluted with an equal volume of 
water, Diet C (12 rats)—-spaghetti, olive oil 
and 10% glucose in water, Diet D (12 rats) 
—spaghetti, olive oil and diluted wine with 
vitamin supplement. The composition of 
these diets is given in detail below. In 10 
rats fed diet B and in all those fed diets C 
and D the amount ingested was measured 
grossly, taking into account spillage. For 
mechanical reasons the measurement of spil- 
lage was only approximate. As a result only 
a crude estimate of the actual dietary intake 
was possible. The animals did not have ac- 
cess to their feces or urine. Purina dog chow 
is composed of meat meal, dried skimmed 
milk, wheat germ, dried beet pulp, corn grits, 
cereal feed from corn and wheat, dried fig, 
soy bean oil meal, molasses, riboflavin sup- 
plement, brewer’s dried yeast, Vit. A and D 
feeding oils, one per cent steamed bone meal, 
and one per cent iodized salt. According to 
the manufacturer, an average sample contains 
23.0% protein, 6.0% fat, 9.6% ash, and 
6.0% crude fiber. In addition, an average 
sample contains carotene, 9 mg, thiamin, 5.6 
mg, and riboflavin, 5.0 mg per 100 g. Pro- 
cino-Rossi brand elbow spaghetti is made of 
“high grade A-No. 1 semolina.”’ Analysis by 
the Wisconsin Alumni Research Foundation 
demonstrated that 100 g of this spaghetti 
contained 10.9% moisture, 0.65% ash, 0.17% 
ether-extractable material, 13.38% protein, 
0.24% crude fiber and 74.66% carbohydrate. 
There were 2.25 mg of cystine, 1.0 mg of 
methionine and 1.84 mg of choline per gram 
of spaghetti. This spaghetti is not fortified 
with vitamins. Analysis of the Parma Cali- 
fornia Burgundy was kindly provided by Dr. 
Aram Ohanesian, chief chemist of Cella Vine- 
yards. One hundred ml contained 13.2% 
alcohol (by volume), 0.74 g of acid (as tar- 
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TABLE I. Influence of Diet on Development of Hepatic Lesions in Rats. 
I  ————————— eee SS—_=_=_====———_—_—_—_—_—_—_——_— 


Rats which died or 


yi Total Rats sacrificed when sacrificed when 
Diet ammals free of symptoms moribund Hepatic lesions 
A. Purina dog chow & water 12 12 at 158 to 343 days 0 Normal liver 


B. Spaghetti, olive oil & wine 45 


C. Spaghetti, olive oil & 10% 12 
glucose in water 


iS) 


. Spaghetti, olive oil, wine 12 
& vitamins 


6 at 45 to 223 days 


4 at 139 to 343 days 


10 at 139 or 343 days 


39 at 13 to 223 days Necrosis, fatty in- 
filtration and 
fibrosis 

Fatty infiltration 
and fibrosis 


2 at 271 and 343 days Normal liver 


8 at 191 to 273 days 


taric acid), 0.14 g of reducing sugar, 0.19 g of 
tannins and 0.025 g of protein. The pH of 
the undiluted wine was 3.65. The wine was 
diluted with an equal volume of water and 
was fed in water bottles. No analysis was 
available of the olive oil used, but pure olive 
oil is said to be composed entirely of lipids 
(2) and is devoid of choline(3). Olive oil is 
notably rich in unsaturated fats; the oil used 
at no time appeared to be rancid. The vita- 
min supplement in Diet D consisted of 1 ml 
of an aqueous suspension containing 125 pg 
of thiamine, 100 yg of riboflavin, 125 pg 
of pyridoxine and 750 pg of calcium panto- 
thenate per ml added to each 100 ml of di- 
luted wine. In addition, one drop of cod 
liver oil USP was added to the spaghetti once 
weekly. 

Results. The effect of the various diets 
tested is summarized in Table I. Diet A 
(Purina dog chow and tap water). These 
animals grow rapidly and remained healthy 
in appearance and behavior. All were sacri- 
ficed while in good condition from 158 to 343 
days after the onset of the experimental pe- 
riod. Autopsy showed no significant abnor- 
mality. Histologically the liver and kidney 
were normal in every instance. 

Diet B (spaghetti, olive oil, and wine). 
The rats gained weight at a progressively 
diminishing rate for about 30 days and then 
gradually lost weight until they died or were 
sacrificed. Six rats were sacrificed without 
obvious symptoms from 45 to 223 days after 
the start of the experiment, while 39 died or 
were sacrificed when moribund at periods 
ranging from 18 to 223 days. 

Seven of the 45 animals showed severe dif- 


fuse hepatic necrosis. This lesion was noted 
in 4 of the 12 rats which died within 115 
days of the start of the experiment and in 
only 3 of the 33 rats which survived longer 
than this. The necrosis involved all lobules 
and affected small groups of cells. The latter 
were uSually shrunken and presented acido- 
philic homogenous cytoplasm with indistinct 
borders, while the nuclei were reduced in size, 
pyknotic, and often fragmented. There was 
also focal coagulation necrosis with no nuclear 
content. The necrotic cell groups alternated 
with fairly well preserved hepatic cells, whose 
cytoplasm was vacuolated. Marked fatty de- 
generation was present in all the necrotic liv- 
ers. No leukocytic reaction was evident. The 
liver cords were commonly fragmented and 
the sinusoids prominent. In a few animals 
there were foci of necrosis in which there was 
complete loss of liver architecture. These 
lesions were associated either with hemor- 
rhage or hyperemia. There were no distinct 
nodular regenerative foci. There was slight 
to moderate fibrosis, bile duct proliferation, 
and lymphocytic exudate in the portal areas. 
However the fibrous reaction within the lob- 
ules was mainly of condensation type. In 8 
additional rats on this diet there were slight 
to moderate grades of fatty degeneration or 
fatty infiltration, mainly periportal in loca- 
tion and in a few instances associated with a 
mild degree of fibrosis. 

Diet C (spaghetti, olive oil, and 10% glu- 
cose in water). These rats gained a small 
amount of weight for a month or 2, and then 
their weight either remained relatively sta- 
tionary or decreased slightly until they died 
or were sacrificed. Four animals in this group 
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were sacrificed without symptoms at 139 to 
143 days and 8 died or were sacrificed in a 
moribund state at 139 to 273 days. 
rats in this group, parenchymal necrosis was 
not observed. However there were 5 animals 
with moderate or marked fatty infiltration of 
the liver, principally periportal, with forma- 
tion of the signet-ring-type of hepatic cell. 
All were associated with a mild degree of peri- 
portal fibrosis. 

Diet D (spaghetti, olive oil, wine, and vita- 
mins). These rats either gained weight 
slowly but steadily or reached a maximum 
from which their weight did not decline, un- 
like the rats fed Diets B and C. Ten rats 
were sacrificed without symptoms at 139 to 
343 days, one died at 271 days, and one was 
sacrificed when moribund at 343 days. There 
were no significant lesions of the liver in this 
group. No hepatic cell necrosis was found. 
There was one animal with a slight degree of 
periportal fat infiltration. 


During the first 60-day period, at a time 
when none of the rats on measured diets had 
died or been sacrificed, a group of 10 rats fed 
diet B ate an average of 9.6 g of spaghetti 
and drank 14.1 ml of diluted wine per day: 
spillage prevented an accurate measure of the 
olive oil ingested. Rats offered Diet C aver- 
aged 7.9 g of spaghetti and 19.4 ml of glucose 
daily, and rats fed Diet D, 9.4 g of spaghetti 
and 10.8 ml of wine, as well as vitamin sup- 
plements. Thus rats eating a diet of spa- 
ghetti, olive oil and wine, with or without 
vitamin supplements, consumed 17 mg _ of 
choline, 18 mg of methionine, and 21 mg of 
cystine daily. Those fed a diet in which glu- 
cose was substituted for wine consumed 14 
mg of choline, 15 mg of methionine, and 18 
mg of cystine daily. It cannot be assumed, 
however, that the rats continued to ingest 
these quantities of food at a later time. 


Discussion. Chronic alcoholism is common 
in patients with Laennec’s cirrhosis of the 
liver in the United States. Nonetheless, it 
has not been possible to demonstrate that 
the administration of alcohol to experimental 
animals leads to hepatic lesions. Within 
recent years, attention has been drawn to the 
possible part played by chronic dietary de- 
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ficiency in the pathogenesis of cirrhosis in 
chronic alcoholic patients. This view has 
been supported by the apparent beneficial ef- 
fects of a nutritious diet in patients with this 
disease and by the production of hepatic 
lesions in experimental animals. In general, 
the lesions in experimental animals have 
been of two types, namely, fatty infiltration 
and fibrosis, prevented by choline or methi- 
onine, and necrosis of liver cells, prevented by 
cystine or methionine(4-6). However, the 
diets used in most experimental studies have 
been composed of foods not ordinarily eaten 
by human beings. 

In the present experiments, rats were fed 
diets containing foods commonly used by 
man. These diets consisted of some of the 
foodstuffs consumed by patients with cir- 
rhosis who are of Italian extraction, an eth- 
nic group in which this disease occurs more 
commonly than in the rest of the population 
of the United States(7). In these experi- 
ments, both diffuse necrosis of liver cells and 
fatty infiltration and fibrosis were noted: the 
relative frequency of the lesion depending 
upon the nature of the diet and the duration 
of survival. Rats fed spaghetti, olive oil and 
wine (Diet B) developed necrosis of liver 
cells, fatty degeneration and fibrosis. Ne- 
crosis was relatively more frequent in those 
rats which died within the first 4 months of 
the experiment than in those which survived 
longer than this time. Rats fed spaghetti, 
olive oil and wine, supplemented by a vita- 
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min mixture not containing tocopherol (Diet 
D) had no significant lesions even though 
they did not appear to ingest more spaghetti 
than the rats fed the same diet without vita- 
mins. The substitution of glucose for wine, 
without the addition of vitamins (Diet C) 
somewhat prolonged the time of survival, and 
at the same time modified the nature of the 
lesion so that fatty infiltration and fibrosis 
developed rather than necrosis. It is note- 
worthy that the glucose-fed rats obtained 
relatively more of their calories from glucose 
and less from spaghetti, when compared to 
wine-fed rats. The spaghetti was the sole 
source of choline and methionine. 

Summary. Significant hepatic lesions, con- 
sisting of diffuse parenchymal necrosis and 
marked fatty infiltration, have been produced 
in rats fed diets of spaghetti, olive oil and 
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wine or glucose solution. Both lesions were 
associated with a moderate degree of fibrosis. 
The specific dietary factors responsible for 
the changes were not ascertained. 
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Lipides Distribution and Phospholipide Turnover in Tissues of Rabbit 


Shortly After Growth Hormone. 


(22117) 


ABRAHAM Dury. 
Dorn Laboratory for Medical Research, Bradford Hospital, Bradford, Pa. 


The concept that arteriosclerosis is a disease 
of metabolism has focused attention on en- 
docrine control of lipide metabolism and their 
relationship to development of arterial de- 
generative lesions. It is increasingly evident 
that for elucidation of this relationship more 
information is required of the modes of action 
and nature of effects of hormones on lipide 
metabolism in different tissues. Certain ad- 
renocortical steroids(1-3) and epinephrine 
(3-5) were reported to exert an influence on 
lipide distribution in tissues and development 
of aortic degenerative changes. There is am- 
ple evidence that growth hormone causes ac- 
celerated mobilization and catabolism of 
endogenous fat(6-10), but there is little infor- 
mation concerning the effect of growth hor- 
mone on lipide partition in tissues. Recently, 
Greenbaum and MacLean(7) studied dis- 
tribution of lipides in plasma and liver of 
intact rats at intervals after treatment with 
growth hormone. Greatest changes occurred 


6 hours after growth hormone when plasma 
and liver neutral fat and plasma phospholipide 
were significantly increased. The authors 
suggested that increased plasma phospholipide 
could be explained by accelerated synthesis of 
this lipide since Geschwind et al.(11) reported 
increased turnover of liver phospholipide in 
normal and hypophysectomized rats after 14 
days or more of treatment with growth hor- 
mone. Mayer and Jones(12) reported a sig- 
nificant, but slight, increase in blood choles- 
terol of mice after 2 weeks treatment with 
growth hormone. 

The present study was undertaken to deter- 
mine concurrently lipide partition and phos- 
pholipide turnover in plasma, liver and aorta 
of intact rabbits a few hours after treatment 
with growth hormone. Knowledge of phos- 
pholipide-cholesterol-neutral fat relationships 
and phospholipide metabolism in the above 
tissues was a necessary preliminary to a study 
of the influence of growth hormone on lipide 
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TABLE I. Summarized Data of the Effect of Growth Hormone on Body and Organ Weights, 
Plasma Glucose, Liver Glycogen. 
ee 


Plasma glu- Liver gly- Liver wt, 

cose, mg % cogen, g Yo g/kg Aorta wt, g Body wt, kg 
Controls (9) DAS sete le de 3.44 + .35 29:0) s= 1.2 409 (.3800-.472) t 2.4 (1.9-2.7) 
G.H.(9) 132 + 2.3 4,43 + 19 ayo) ae da 404 (.346-.466) 2.4 (2.2-2.7) 
Piss <.001 02 004 nst{ ns 


* Mean + S.E. 


+ Mean and range of values in group. 


t ns — not significant. 


‘¢P?’— Probability of difference between means occurring by chance alone, 


metabolism in experimental atherosclerotic 
rabbits. 


Materials and methods. New Zealand white 
female rabbits of pedigreed stock were given 
a rabbit pellet diet and tap water ad libitum 
for several weeks prior to day of experiment. 
Food and water were not available during 
experimental period. Control animals re- 
ceived a single subcutaneous injection of 
physiological saline (0.5 ml/kg body weight). 
Another group of rabbits received a single 
subcutaneous injection of 5 mg/kg of anterior 
pituitary purified growth hormone (Armour 
Co., Lot #M308)* in sterile saline 10 mg/ml. 
Immediately after injection of the placebo or 
growth hormone, 0.5 mc of radioactive phos- 
phate (P-32)' was given intravenously. 
Sample of heart blood (4-5 ml) was obtained 
3 hours after P-32 injection for determination 
of radioactive and chemical plasma_acid- 
soluble phosphates(13). Six hours after 
initial hormone or saline injection a large 
sample (30-40 ml) of cardiac blood was ob- 
tained, the animal then killed with intraven- 
ously administered overdose of EVIPAL (n- 
methyl-cyclo-hexenyl-methylbarbituric acid). 
Whole liver and aorta were removed. A sec- 
tion of liver (approx. 0.5 g) was taken for 
determination of liver  glycogen(14,15). 
Plasma glucose was determined by the method 
of Nelson(16). <A section of liver (about 
2 g) was placed in ice-cold 10% trichloracetic 
acid and used for determination of inorganic 
and organic acid-soluble phosphates(17). 
Following homogenization of the liver sample, 
neutralization of filtrate to phenol red, and 


* The growth hormone used was supplied through 
the generosity of Dr. Irby Bunding of Armour and 
Co. 

t Obtained from Abbott Laboratories, Oak Ridge, 
Tenn. as sodium radio-phosphate, sterile solution. 


addition of magnesia mixture the samples were 
kept in the refrigerator overnight to permit 
magnesium ammonium phosphate to settle 
(18). After centrifugation determinations 
were done for P-31 and P-32 on the super- 
natant (organic acid-soluble phosphates) and 
the acid-dissolved precipitate (inorganic acid- 
soluble phosphates). A large specimen of 
liver, the whole aorta, and a plasma aliquot 
of terminal blood sample were submitted to 
hot alcohol-ethyl ether extractions. Combined 
alcohol-ether extractions were evaporated un- 
der reduced pressure, and residue redissolved 
in petroleum ether (b.p. 30-60°C). Suitable 
aliquots of petroleum ether were used for 
chemical and radioactive determinations as 
follows: Total lipid was calculated from 
weight of residue after evaporation of petro- 
leum ether and drying to constant weight. 
Lipide phosphorus was determined(13,19), 
and phospholipides were calculated from lipid- 
P values x 26. Total and free cholesterol 
were determined by the method of Schoen- 
heimer and Sperry(20). Neutral fat was cal- 
culated by subtraction of phospholipide, free 
cholesterol, and cholesterol oleate concentra- 
tions from total fat value. For radioactivity 
determinations of phospholipide and_acid- 
soluble phosphorus suitable aliquots were 
mounted on Whatman ash-free filter paper 
backed by aluminum foil, and samples allowed 
to evaporate. After covering samples with 
Scotch tape, they were counted with a Vic- 
toreen No. 1B85 Geiger tube for a minimum 
of 4000 counts. 


Results. Inspection of the data in Table I 
shows that plasma glucose and liver glycogen 
concentrations, and total liver weight were 
moderately, but significantly, increased a few 
hours after growth hormone. 

With the exception of liver ester choles- 
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TABLE II. Effect of Growth Hormone on Concentration of Lipide Fractions of Plasma, Liver 
and Aorta 6 Hours after Administration in Rabbits. 
OOO ee 


- Total Phospho- = —— — Cholestero] ———_—_, 
Groups lipide lipide Total Free Ester Neutral fat 

Liver lipide partitiont 

Controls (9) 5.014 .15* 3.76.07 .27+.01 .24+.008 .03 + .008 Phares cals} 

Gilets (@) 6.24-+ .26 327+ .09 24+ .01 20+.008 044.006 2.544 28 

je 001 <.001 05 .002 ns <.001 
Plasma lipide partition 

Controls 823 + 031 .093 + .012 071+ .007 .025+ .002 .046+ .005 .125 + .015 

G.H. 599 + .034 154+ .007 1144 .011 .048+ .004 .072+4 .008 .245 + .019 

i? = <.001 <.001 003 001 015: <.001 
Aorta lipide partition 

Controls 8.68 + .61 99.03 18.008 -15 + 1004 03+ .004 7.49 + .61 

G.H. 6.61 + .61 95.05 19+ .008 16+ .01 03 + .007 5.70 = .58 

a 025 ns ns ns ns 045 


* Mean + S.H. + All values expressed as g/100 g wet tissue wt or per 100 ml plasma. 
““P?’— Probability of difference between means occurring by chance alone. 


terol, concentrations of the lipide fractions in 
plasma and liver were significantly changed 
following administration of growth hormone 
(Table II). Concentrations of liver phospho- 
lipide and free cholesterol were significantly 
decreased, while neutral fat was significantly 
elevated. Concentrations of all plasma lipide 
fractions were significantly increased after 
treatment with growth hormone. With 
regard to the aorta lipide partition, only 
a significantly decreased neutral fat was found 
in the treated group which was mainly re- 
sponsible for depression of the aorta total 
lipide level. 

In Table III are presented the specific ac- 
tivities of phospholipide of plasma, liver and 


aorta, and specific activities of acid-soluble 
phosphates of liver and plasma. Liver 
phospholipide specific activity was signifi- 
cantly increased in growth hormone- 
treated animals. Plasma  phospholipide 
specific activity in the experimental group 
was not different from controls. How- 
ever, this value, per se, is not a valid index of 
plasma phospholipide turnover since there had 
occurred a significant increase in chemical 
concentration of this lipide fraction. Calcula- 
tion of the amount of radioactive phospho- 
lipide per ccm of plasma (specific activity 
concentration) showed that the actual amount 
of plasma phospholipide synthesized during 
experimental period was 250% greater in 


TABLE III. Effect of Growth Hormone on Turnover of Lipide and Acid-Soluble Phosphorus 
of Liver, Plasma, and Aorta. 


Liver phospholipide-P 


Plasma phospholipide-P 


Aorta phospholipide-P 


Groups mg/100g S.A.xX 10? mg/100ml S.A. x 10° raatley/ MONO) for PS hyak, SIO 
Controls (9) 148.7 +2 4.2% 9.5 = 9 2.52 + .5 3.5 + .6 37.18 + 2.7 D6 4 
G.H. (9) 1309 2.7 1312+ 1.4 5.87 + .6 3.84.7 38.93 +2.2 694.7 
a ns 05 <.01 nst ns ns 

Plasma Liver Liver 
Organic acid-soluble 
Acid-soluble phosphate Inorganic phosphate phosphate 
mg/100ml S.A. x 10? mg/100g S.A. x 10° mg/l00g S.A. x 10 
Controls 5.75.3 87842 85 250+ 9 143.24 15.0 105.0+2.4 46.05.38 
G.H. 5.67% .2 938.14+11.6 23.5+1.5 136.3+412.4 107.0 +4.7 41.9 + 3.5 
[2s ns ns ns ns ns ns 


* Mean + S.E. 


+ Amount of radioactive phosphorus (S.A. X cone.) incorporated in 


plasma phospholipides of rabbits injected with growth hormone was significantly greater than 


controls (P = < 0.001). 


S.A. is specific activity expressed as percentage of injected dose/mg of phosphorus. 
‘¢Pp?)— Probability of difference between means occurring by chance alone. 
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rabbits which received growth hormone than 
in controls. Inspection of terminal specific 
activities of acid-soluble phosphates of plasma 
and liver (Table III) and specific activity 
curves of plasma acid-soluble phosphate (Fig. 
1) show that neither chemical concentration 
nor turnover of precursors of liver and plasma 
phospholipides were altered after growth hor- 
mone. It, therefore, may be concluded from 
the radioactivity data that accelerated forma- 
tion of plasma and liver phospholipides oc- 
curred in treated rabbits. In contrast, the 
data show that specific activity of aortic 
phospholipide was not affected by growth hor- 
mone administration. 

The magnitude of alterations (expressed as 
percentage change from controls) in various 
lipide fractions of plasma, and the entire liver 
and aorta of rabbits treated with growth hor- 
mone is shown in Fig. 2. Also shown for com- 
parison are data recalculated from a recent 
experiment(5) illustrating changes in lipide 
fractions after a single subcutaneous injection 
of epinephrine in oil (1 mg/kg). Except for 
the different hormones administered, the con- 
ditions and experimental procedures in the 
two studies were exactly the same. It may be 
noted that in the group which received growth 
hormone, the greatest changes occurred in the 
neutral fat fraction of tissues analyzed: liver 
(+245%), plasma (+95%), and aorta 
(-25%). Also, liver ester cholesterol was 
changed + 200%, while liver free cholesterol 
and phospholipide were considerably less 
(+25%). The plasma phospholipide, free 
and ester cholesterol were about 50% greater 
than control levels. On the other hand, 6 
hours after epinephrine injection the changes 
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determined in lipide fractions of plasma, liver 
and aorta were: liver neutral fat +217%, 
liver ester cholesterol +100%, and plasma 
phospholipide +25%. The extent of in- 
creases in the two liver lipide fractions after 
epinephrine was comparable to that found 
with growth hormone. In contrast with the 
alterations in lipide distribution produced by 
the latter hormone, it is apparent that the 
effects of epinephrine on lipide composition in 
these tissues was comparatively small. 

Discussion. Our data showed that marked 
alterations in lipide distribution of plasma, 
liver and aorta, and significantly increased 
turnover of liver and plasma phospholipides 
occurred 6 hours after injection of growth hor- 
mone. 

Changes in amounts and rate of synthesis 
of phospholipides of plasma and/or liver have 
been reported after exogenous administration 
of a variety of hormones and after destruc- 
tion of function of certain endocrine gland(s). 
In studies in which blood cholesterol also was 
determined, a parallelism was noted in incre- 
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ment or decrement of phospholipide and 
cholesterol levels(1-3,21). In this investiga- 
tion ,also blood phospholipide and cholesterol 
were found elevated to a similar extent and 
accompanied by increases in the entire liver 
content of these two lipides. It is possible 
that related metabolic mechanism(s) are re- 
sponsible for the regulation of blood levels of 
phospholipide and cholesterol; this control 
probably is hormonal. The radioactivity data 
indicated that accelerated synthesis of liver 
and plasma phospholipides occurred in ani- 
mals administered growth hormone. Further, 
since practically all plasma phospholipide is 
believed to be produced in the liver the in- 
creased content of plasma phospholipide dur- 
ing the period of the experiment suggests an 
increased exchange of this lipide between liver 
and plasma had occurred. It does not seem 
feasible, however, at this time to deduce that 
alteration in rate of formation or amounts of 
phospholipides resulted from a specific action 
of growth hormone on this parameter of 
metabolism. This appears warranted in view 
of the variety of individual hormones and en- 
docrine situations with which a change in 
phospholipide metabolism has been associated 
(22). Moreover, there is evidence(23) that 
changes in amount of phospholipide and their 
rate of formation in a given tissue are related 
to metabolic needs of the tissue, as an in- 
creased rate of fat catabolism. In considering 
this, Lotspeich and Petersen(9) and Camp- 
bell and Davidson(6) recently reported in- 
creased acetoacetate formation and oxygen 
uptake in liver slices obtained from rats a few 
hours after treatment with growth hormone. 
They interpreted these findings as indicating 
an accelerated catabolism of endogenous fat. 
Our data suggest that fat mobilization (accu- 
mulation of liver neutral fat and elevated 
plasma levels of this lipide) occurred concur- 
rently with alterations in chemical concentra- 
tions and turnover of phospholipides of liver 
and blood. It, therefore, appears more likely, 
at least from the data now available, that in- 
creased amounts of phospholipide and their 
increased rate of formation a few hours after 
growth hormone, were not the resultant of a 
direct effect of this hormone on phospholipide 
metabolism but rather alterations in the latter 


627 


concomitant but subsidiary to the primary 
action of growth hormone of accelerated mo- 
bilization and catabolism of endogenous fat. 
It is noteworthy in this regard that Dury(5) 
recently reported evidence of markedly in- 
creased turnover of phospholipide of plasma, 
liver, and aorta in intact rabbits shortly after 
a single injection of epinephrine while there 
occurred only a moderate increase in liver 
neutral fat, and none in the plasma. 

Change in aorta lipide distribution after 
growth hormone has not to our knowledge 
been reported. The depressed level of aortic 
neutral fat is especially intriguing since in 
other studies done at this laboratory (3-5,24) 
it was found that aorta lipide distribution was 
not altered after acute or chronic exhibition 
of cortisone or epinephrine. Speculation on 
this finding is rendered difficult in view of the 
paucity of information on arterial lipide me- 
tabolism, and especially the influence of hor- 
mones on the latter. Two points, however, 
are noteworthy as possibly related to this 
subject: 1) data in this and other studies have 
demonstrated that the aorta is particularly 
rich in neutral fat; and 2) aorta lipide com- 
position was affected, at least qualitatively, 
as adipose tissue following administration of 
growth hormone. 

The magnitude of alterations of lipide dis- 
tribution in plasma and liver and rapidity of 
occurrence were remarkable. Calculation of 
the relative contribution of different fractions 
to increased total lipide in the entire liver after 
growth hormone revealed that neutral fat con- 
tributed 47%, phospholipide 15%, free and 
ester cholesterol each contributed 1.5%. 
With regard to total lipide increment in 
plasma, the relative contribution of neutral 
fat was 53%, phospholipide 19%, free choles- 
terol 6%, and ester cholesterol contributed 
8%. The decreased level of aorta neutral fat 
was responsible entirely for the fall in aorta 
total lipide content. Lotspeich and Petersen 
(9) suggested that the liver fat mobilizing 
action of growth hormone might be a second- 
ary phenomenon which occurred as a result 
of a primary depletion of glycogen. We did 
not find such a change in the intact rabbit. 
Indeed, in this study the liver glycogen and 
blood glucose concentrations were moderately, 
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but significantly, greater than the respective 
control values. Since the experiment of above 
authors and the present one are not exactly 


comparable (differences of species, alimenta- > 


tion, and hormone dosage) a feasible explana- 
tion cannot be made of the different effects 
observed on carbohydrate metabolism. 

We are inclined to believe that alterations 
in lipides distribution and accelerated phos- 
pholipide metabolism, in this study, are best 
explained by the concept proposed by Weil 
(10) of a primary adipokinetic action of 
growth hormone. Since this hormone appar- 
ently modifies lipide metabolism without me- 
diation of other target glands, further studies 
concerning the role of growth hormone, if any, 
in the patho-physiology of arteriosclerosis 
seem warranted. 

Summary. 1. A study was made of the 
effects of a single injection of anterior pitui- 
tary purified growth hormone on distribution 
of lipides and turnover of phospholipides in 
plasma, liver and aorta a few hours after ad- 
ministration in intact rabbits. 2. Plasma glu- 
cose and liver glycogen concentration, and 
total liver weight were moderately, but sig- 
nificantly, increased in animals which received 
growth hormone. 3. Contents of all lipide 
fractions of plasma and entire liver were sig- 
nificantly increased in experimental animals. 
In the aorta, the only change was a signifi- 
cantly decreased neutral fat content. 4. Liver 
total lipide content was increased 64%, 
plasma total lipide was increased 85%, and 
aorta total lipide was decreased 25%. The 
relative contribution of each lipide fraction 
to percentage increased or decreased total 
lipide determined in these tissues was as fol- 
lows: in liver, neutral fat contributed 47%, 
phospholipide 15%, and free and ester choles- 
terol 1.5% each; in plasma, neutral fat con- 
tributed 53%, phospholipide 19%, free cho- 
lesterol 6%, and esterified cholesterol 8%; 
in the aorta, neutral fat contributed 100%. 
5. Radioactivity data showed that accelerated 
synthesis of liver and plasma phospholipides 
occurred after treatment with growth hor- 
mone; but aortic phospholipide turnover was 
not different from controls. 6. It is suggested 
that increased rate of formation of phospho- 
lipides of liver and plasma need not neces- 
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sarily be a specific effect of growth hormone 
but a change in this parameter of metabolism 
subsidiary to enhanced mobilization of endo- 
genous fat. It is further suggested that all 
elements of altered distribution of lipides in 
tissues analyzed could be explained in accord- 
ance. with the concept of a primary adipo- 
kinetic action of growth hormone. 


1. Stumpf, H. H., and Wilens, S. 
Exp. Brot. AND MeEp., 1954, v86, 219. 

2. Gordon, D., Kobernick, S. D., McMillan, G. C., 
and Duff, G. L., J. Exp. Med., 1954, v99, 371. 

3. Dury, A., and DiLuzio, N. R., Am. J. Physiol., 
1955, v182, 45. 

4. Dury, A., and Moss, L. D., J. 
v9, 287. 


LL. PROG. SoG: 


Gerontol., 1954, 


5. Dury, A., Proc. Soc. Exp. Brot. AND Mep., 1955, 
v89, 508. 

6. Campbell, J., and Davidson, I. 
Chem., 1951, v189, 35. 

7. Greenbaum, A. L., and McLean, P., Biochem. J., 
1953, v54, 407. 


W._F., J. Biol. 


iva) 


9. Lotspeich, W. D., and Petersen, V..P., Am: J. 
Physiol., 1954, v176, 232. 

10. Weil, R., A.M.A. Arch. Int. Med., 1955, v95 
739. 

11. Geschwind, I. I., Li, C. H., and Evans, Ho Ms 
Endocrinol., 1950, v47, 162. 

12. Mayer, J., and Jones, A. K., Am. J. Physiol., 
LOSS Sew 75.0 359% 

13. Fiske, C. H., and SubbaRow, Y., J. Biol. Chem., 
1925, v66, 375. 

14. ‘Good, C. A. Kramer,-H, 
ibid., 1933, v100, 485. 

15. Somogyi, M., zbid., 1945, v160, 61. 

16. Nelson, N., 2bzd., 1944, v153, 375. 

17. Zilversmit, D. B., and DiLuzio, N. R., ibid., 
1952, v194, 673. 

18. Zilversmit, D. B., Entenman, C., and Chaik- 
off, I. L., zb¢d., 1948, v176, 193. 

19. Youngsburg, G. E., and Youngsburg, M. V., 
J. Lab. and Clin. Med., 1930, v16, 158. 

20. Schoenheimer, R., and Sperry, W. M., J. Biol. 
Chem., 1934, v106, 745. 

21. DiLuzio, N. R., Shore, M. L., and Zilversmit, 
D. B., Metabolism, Clin. and Exp., 1954, v3, 424. 

22. Zilversmit, D. B., Ann. Rev. Biochem., 1935, 
v24, 157. 

23. Artom, C., A Symposium on Phosphorus Me- 
tabolism, 1952, v2, 203, The Johns Hopkins Press, 
Baltimore. 

24. Dury, A., Am. J. Med. Sci., 1955, v230, 427. 


? 


and Somogyi, M., 


Received October 17, 1955. P.S.E.B.M., 1955, v90. 


629 


Comparison of Extracts of Tubercle Bacilli and BCG as Immunizing Agents 
in Guinea Pigs.* (22118) : 


Donatp W. SmitH AND GrorGE P. Kusica.t 


(Introduced by C. V. Seastone.) 


Department of Medical Microbiology, University of Wisconsin. 


Recent investigators studying biological 
properties of fractions of tubercle bacilli have 
for the most part used the mouse for in vivo 
studies. Bloch and Noll(1) reported that 
tuberculosis in black mice of Strain C57 is 
enhanced by administration of cord factor. 
Weiss and Dubos(2) report that a fraction 
extracted from Mycobacterium tuberculosis 
by absolute methanol is capable of eliciting in 
mice a state of increased resistance to infec- 
tion. 

Notwithstanding these contributions based 
on a mouse evaluation of biological properties 
of fractions and extracts of the tubercle bacil- 
lus, we wish to report studies carried out with 
guinea pigs for im vivo determinations of im- 
munizing activity of extracts of mycobacteria. 
Accordingly, we present results of experi- 
ments concerning immunizing activity in 
guinea pigs of extracts of non-heat killed tu- 
bercle bacilli. 

Methods and materials. Most fractiona- 
tion studies reported at this time were made 
using Mycobacterium tuberculosis — var. 
hominis NIH strain 199RB. This culture 
has been used since the inception of this re- 
search in 1946.+ Studies of strains more re- 
cently isolated from sputum are currently 
being made in an attempt to find a culture 
possessing greater immunizing potency than 
does 199RB. Variations were made in pro- 
cedure for growth and fractionation of cul- 
tures from one experiment to another, to 
evaluate critically the conditions necessary 


Microbiological Institute National Institutes of 
Health, Public Health Service, the Research Com- 
mittee of the Graduate School from funds provided 
by Wisconsin Alumni Research Foundation. 

+ Present address: Tuberculosis Lab. CDC, Cham- 
blee, Ga. 

¢ Previous to Sept., 1953 this research was sup- 
ported by Parke-Davis and Co. and was under 
supervision of Dr. W. J. Nungester, Department of 
Bacteriology, University of Michigan. 


for isolation of the most potent fraction; how- 
ever, procedures in general were as follows. 
Mass cultures were prepared on modified 
Long’s medium(3) made up in 25 liter quan- 
tities and distributed into one-gallon jugs, 
each one containing 900 ml. The inoculum 
for 30-60 such cultures, usually a 2-week-old 
surface growth, was taken from one 900 ml 
culture flask. The cultures were subsequently 
incubated at 37°C for 3 to 12 weeks. After 
incubation, the culture fluid was withdrawn 
into 5 gallon bottles containing Cresylone$ 
and mineral oil (antifoam), autoclaved and 
discarded. The culture pellicle from har- 
vested jugs was combined, by means of a 
vacuum system, into one container which was 
then completely filled with the first extracting 
solvent (usually ethanol) and allowed to 
stand 48 hours. This step can usually be 
considered the point at which the cells be- 
come nonviable. Following ethanol treat- 
ment, the residue was extracted 24-48 hours 
with ethanol-ether . (50-50), methanol- 
chloroform (50-50), or chloroform. 


Preliminary separation of the extracted 
components was occasionally made by cooling 
the methanol-chloroform solution first to 5°C 
and collecting a 5°C insoluble fraction. The 
filtrate from this separation was cooled to 
—20°C at which temperature a second insol- 
uble residue was collected. The filtrate upon 
evaporation deposits a residue designated the 
—20°C soluble fraction. Further separations 
of total extracts or low temperature insoluble 
fractions were made by column chromatog- 
raphy. For experiments here reported, final 
separations were made on 50 mm diameter 
chromatographic columns packed with 85 g 
of Magnesoll-Celite’ and charged with 2 g of 


§ Cresylone- tri-cresol disinfectant of Parke-Davis 
and Co. 

|| Magnesol—Magnesium Silicate, Product of West- 
vaco Chemical Co., S. Charleston, W. Va. 

{ Celite—Filter Aid, Johns Manville Co. 
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the substance to be separated. The columns 
were developed as adsorption-elution chroma- 
tograms with the following series of solvents; 
petroleum-ether (60-68°C boiling 
petroleum ether-benzene (50-50) benzene, 
benzene-diethyl ether (50-50) and various 
mixtures of methanol and chloroform. Infra- 
red spectra were recorded for all extracts and 
chromatograph-eluted components for pur- 
poses of identification of the substance and as 
a control on reproducibility of the fractiona- 
tion (Randall et al. 4-7). Guinea pigs weigh- 
ing approximately 500 g were vaccinated with 
the lipid fractions dissolved in a mixture of 9 
parts mineral oil and one part Arlacel A.** 
Bacillary residues and protein extracts were 
emulsified from aqueous suspension in the 
same adjuvant according to the method of 
Salk(8). As one of the controls, BCG was 
routinely administered in aqueous suspension 
either from cultures grown 8 days on liquid 
Tween-albumin medium or from lyophilized 
vaccine kindly supplied by Tice Laboratories 
through the courtesy of Dr. Sol. R. Rosenthal. 
All animals were vaccinated subcutaneously 
in the inguinal region or over the sternum. 
The protocol for each evaluation of bacillary 
extracts im vivo was changed from time to 
time but generally guinea pigs were vac- 
cinated with 0.1 mg of extract or 1.0 mg of 
BCG. Three weeks after the second vaccina- 
tion test guinea pigs and a suitable number of 
controls, treated with adjuvant alone, were 
shaved and tuberculin tested with 0.0002 mg 
of PPD by intracutaneous route. The results 
were read at 24 and 48 hours, a positive re- 
action being at least 5 mm minimum diameter. 
In many instances, reactions were strong with 
a blanched, later necrotic, center. Following 
the tuberculin test, all groups were random- 
ized and challenged. The 18-20 guinea pigs 
in each group were housed in 3 or 4 stainless- 
steel cages. For randomization, the 3 or 4 
cages in any one experimental group were re- 
distributed at random so that one cage would 
be found in the first quarter of the total num- 
ber, a second cage in the second quarter of the 
total and so on. The code for the newly as- 


** Arlacel A—Product of Atlas Powder Co., Wil- 
mington, Del. 
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signed cage numbers was sealed and not ex- 
amined until post mortem examination of all 
groups had been completed. The following 
advantages were presumed to result from ran- 
domization. It would tend to minimize the 
possibility that variations in challenge sus- 
pension or procedure would affect any one ex- 
perimental group, and would also reduce un- 
intentional bias which might be shown in 
evaluating the extent of gross disease at au- 
topsy. During post mortem examination, 
each successive series of 5 animals has come 
from a different treatment group. This re- 
sults in a constant change in extent of gross 
tuberculosis and would discourage any in- 
advertent attempt to reduce the variation 
from one group to the next. 


The challenge suspension was prepared 
from an 8-day culture of strain 199RB on 
liquid Tween-albumin medium. The culture 
was first filtered through Whatman #1 filter 
paper, adjusted to 85% transmission at 500 p 
(Coleman Junior spectrophotometer) and 
then diluted to 10°° with saline containing 
0.5% bovine albumin fraction V. Plate counts 
made of this challenge suspension contained 
300-1000 viable units. The challenge was 
given subcutaneously in 1 ml of diluent in the 
inguinal region or over the sternum. Six 
weeks after challenge the guinea pigs were 
sacrificed (ether) and the extent of gross 
tuberculosis in the viscera estimated accord- 
ing to the scheme of Feldman(9). It is im- 
portant to state that gross evaluation of the 
lungs was difficult to make in early experi- 
ments because of intercurrent infection with 
group “C” streptococcus, however it has been 
our experience with strain 199RB that the 
spleen is a good index of the extent of tuber- 
culosis in the guinea pig. In order for this to 
be true, the challenge should be such that 
some animals will have minimal or no gross 
disease. If the spleen is extensively involved. 
showing enlargement and confluent tubercles, 
one expects to find disease in the lungs and 
liver. Conversely, if there is no splenic in- 
volvement, little disease is seen in other or- 
gans. Observations were also made on the 
site of inoculation, as well as inguinal, tracheo- 
bronchial, and retrosternal lymph nodes. The 
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FIG. 1. Photograph of formalin fixed spleens from 4 groups of animals taken from the experi- 
ment recorded in Table IV. 
Group B—yaccinated with 0.05 mg of defatted bacilli 
C—alcohol-ether soluble fraction 
” D—1.0 mg of lyophilized BCG 


” 


E—-non-vaceinated eontrols 


Spleens are arranged in approximate order of decreasing amount of gross disease reading and 
numbering from left to right. Typical Feldman Index values for spleen are as follows. Group 
B—First 4 spleens, value 20; spleens 5, 6 and 7, value 15; spleens 8 through 13, value 10; 
spleens 14 through 17, value 5; and spleens 18 and 19, value 0. Group C—AlII spleens given val- 
ue of 35 with exception of last 2 which were recorded as 30 and 25 respectively. Group D— 
Spleen 1, value 20; spleen 2 through 5, value 15; spleens 6 and 7, value 10; spleens 8 through 
12, value 5; and spleens 13 through 20, value 0. Group E— Spleens il through 18 recorded as 
35; spleen 19 recorded as 30 (this group was reduced for photographic purposes by leaving out 
6 spleens between spleens 1 and 2). 


extent of gross disease was recorded accord- 
ing to the scheme of Feldman, slightly modi- 
fied. A value of 5-10 was recorded for lungs 
on which less than 12 surface lesions could be 
counted. For greater than 12 lesions, values 
of 15 and 20 were assigned and when the 
number of lesions was too large to count, val- 
ues of 25 or 30 were given depending upon 
the over-all appearance. By referring to Fig. 
1, one can see numerical assignments typical 
of those made for spleen involvement. 
Results. The purpose of the first experi- 
ment was examination of 3 variables, namely, 
age of culture to be extracted, concentration 
of ethanol used in the first cell treatment, and 
use of alpha tocopherol acetate as an anti- 
oxidant, for their effects on immunizing po- 
tency of a crude chloroform extract. Ninety 
bottles of modified Long’s medium were inoc- 


ulated with culture 199RB. Sixty were har- 
vested after 3 weeks incubation, and the re- 
maining 30 after 12 weeks incubation. Half 
of the cultures at each period were treated 
with 50% ethanol and half with 95% ethanol. 
A like division of cell mass was made for sub- 
sequent extraction with chloroform containing 
tocopherol or with reagent grade chloroform. 
This series of variables ultimately gave rise 
to the following eight crude lipid extracts: 
1) 3W50T—extract of 3 week (3W) culture 
treated with 50% ethanol (50) and extracted 
with chloroform containing tocopherol (T), 
2) 12W95—extract of 12 week culture 
(12W) treated with 95% ethanol (95) and 
extracted with chloroform, 3) 3W50, 3W95, 
3W95T, 12W50, 12W95T, 12WSOT. 
Several observations may be made from 
the results of this experiment recorded in 
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TABLE I. Feldman Index Values for Immunized 
and Control Guinea Pigs Sacrificed 6 Weeks after 
Challenge. 


No. of Mean 
G. pigs Tuberculn Feldman 
Vaccine sacrificed reaction} index$ 
BCG* 18 a 26|| 
3W50Tt 16 + 40 
3W50 16 a2 40) 
3W95T 16 = 58| 
38W95 19 —— 51 
12W50T 16 —- 44 
12W50 if ab 36 
12W95T 18 — 47 
12W95 19 -- 32 
Control 19 --- 43 


* Lyophilized vaccine (Tice 968-P), 0.5 mg given 
twice 3 wk apart. 

t All lipid fractions suspended in mineral oil 
containing 1 part in 20 of aquaphor (1 mg of lipid 
in 0.1 ce of adjuvant) in two doses 3 wk apart. 

¢t Tubereulin test, 0.0002 mg of PPD intracu- 
taneously, read at 24 and 48 hr. 

§ Three wk after second vaccination all groups 
were randomized and challenged with 800 viable 
units (plate count) given in 1 ce intraperitoneally. 
All groups were sacrificed 6 wk after infection and 
extent of gross disease recorded according to the 
scheme of Feldman. 

Autopsy index: 


Spleen Lung Liver 
Extensive 35 30 25 
Moderate 20 20 20 
Slight 10 10 10 


(Moderate lung 12 or more discrete tubercles, 
slight 2-11 tubercles given value of 10, 1 tubercle 
value of 5.) 

|| Significant at the 1% level. 

: epee Crate 

Table I. There appears to be little or no 
immunizing value in any extract of 3-week- 
old cultures while at least one extract of the 
12-week culture appeared to give some pro- 
tection. Extracts prepared from 50% etha- 
nol treated cultures uniformly caused the de- 
velopment of a high level of tuberculin hy- 
persensitivity't whereas no hypersensitivity 
developed in animals vaccinated with extracts 
from 95% ethanol treated bacilli or BCG. 
One extract (3W95T) appeared to lower the 
resistance of guinea pigs to subsequent infec- 
tion with tubercle bacilli. 

Extracts evaluated in the second test were 


tt Selected animals from hypersensitive groups 
were removed before challenge and maintained in 
separate quarters as non-challenge controls. They 
were autopsied at the same time as other groups and 
the tissues were cultured and found to be negative 


with respect to acid-fast bacilli. 
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modifications of the three substances which 
showed some evidence of activity in the first | 
experiment. Two extracts were precipitated 
at —20°C from methanol-chloroform yielding 
20°C soluble fractions (—20S) and —20°C 
insoluble fractions (—20I). A third extract 
was chromatographed on a Magnesol-Celite 
column packed with 85 g of adsorbent. The 
column was charged with 2 g of the 12W50 
extract and eluted with 1800 ml amounts of 
the following series of solvents: petroleum 
ether (PE), petroleum ether-benzene (PEB), 
benzene (B), benzene-ether (BE), methanol 
(M) and chloroform (C). The hold-back 
volume (volume of solvent retained by the 
packed column) for the column was approxi- 
mately 300 ml and eluates were collected as 
complete hold-back volumes. Methanol elu- 
ates were divided into chloroform soluble and 
chloroform insoluble parts. 


It was not possible to demonstrate resis- 
tance lowering activity with any preparation 


TABLE II. Feldman Index Values for Immunized 
and Control Guinea Pigs Sacrificed Six Weeks 
after Challenge. 


No. of Mean 
G. pigs Tubereulin Feldman 
Vaccine sacrificed reaction} index 

BCG* 1g + — 8|| 
12W95t (1 inj.) 7 — 27 

12W95 14 — 25] 

j -201 18 — 20] 
2-208 14 —— 33 
3W95T 16 — 26 
*~ -208 17 —- 3B 
é 201 14 — 33 

12W50 14 = 19|| 
3 PeB-2 iY — 29 
: Pe (5-6) 8 -- 36 
S PeB-1, Pe-3 105; _— 27 
: BE-1 Iles —- 30 

4 BE-3 15} —- 251] 
12W50M,CHC1,S 14 — 32 
a CHCL,LI 15 — 26 
Controls 18 — 36 


* Fresh vaccine (Phipps strain) 1 mg given one. 
time only with the first injection. 

t Lipid fractions suspended in Baylol-Arlacel, 
0.1 mg given in 2 doses 3 wk apart. 

{ Tuberculin test, 0.0002 mg PPD intracutane- 
ously, read at 24 and 48 hr. 

§ Three wk after second vaccination all groups 
were randomized and challenged with 700 viable 
units of strain 199RB subcutaneously in the in- 
guinal region. Sacrificed 6 wk after infection. 

|| Significant at the 1% level. 

J > ” ” 5% ” 
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TABLE III. Feldman Index Values for Immu- 
mized and Control Guinea Pigs Saerificed Six 
Weeks after Challenge. 

c No. of Mean 
G.pigs Tubereulin Feldman 


Vaccine sacrificed reactiont  indexs 
BCG (1 mg)* pe -b il 
12W50 (.1 mg) 20 + 24 

el iaaye*) 19 —+ 15 
ohne ys 1 ote 16 
Been 18 Se 29 
PAM 20 a 21 
208 15 — 32 
” — -column Ny — 36 
” -column + de- 17 + 9 
fatted bacillit 
Defatted bacillit 15 + 12 
Controls 19 — oi 


*Given one time only at the first inoculation 
(BCG fresh Phipps strain). 

+ Defatted bacilli were suspended in adjuvant 
so that each 0.1 ce would contain 0.05 mg of cells 
(dry wt). Unless stated otherwise all lpid frac- 
tions were given in adjuvant (0.1 mg in 0.1 ee). 

¢ Tuberculin test, 0.0002 mg of PPD, read at 24 
and 48 hr. 

§ Three wk after second vaccination all groups 
were randomized and challenged with 800 viable 
units of strain 199RB in 1 ce of saline. The cul- 
tures were filtered through Whatman #1 filter pa- 
per and 10 ce syringes were used once only. The 
last 1 ce volume in each syringe was discarded. 
Six wk after infection all groups were sacrificed 
and the extent of gross tuberculosis recorded ac- 
cording to the scheme of Feldman. 


in this test. From the Feldman index figures 
it appears that a significant level of resistance 
was stimulated only in groups vaccinated with 
BCG and to a lesser extent with 12W50 and 
12W95-201. However, no fraction separated 
from 12W50 by column chromatography pos- 
sessed the level of activity found in the par- 
ent fraction. It is interesting to note that 
fraction 12W50 Pe(5-6) was later identified 
by infrared spectroscopy as a contaminating 
oil inadvertently introduced in one of the 
extraction steps. From this experiment it is 
to be concluded that an active immunizing 
component was not separated from 12W50 
by chromatography. Among possibilities 
which may account for this failure are the fol- 
lowing: to produce an immunizing effect in 
the guinea pig, several components separated 
on the column would have to be combined, 
or activity of the fraction is destroyed on the 
chromatographic column, or finally that the 
active material is not eluted from the column. 
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In the experiment in Table III a new col- 
umn was prepared and the 12W50 fraction 
applied in the same manner. The column was 
developed with the same series of solvents, 
however, this time all eluates were collected 
in one receiver and evaporated to dryness. 
The residue collected in this manner was 
tested as such and also after combining it 
with bacillary residue remaining after neutral 
solvent extraction (defatted bacilli). In ad- 
dition, the 12W50 fraction was precipitated 
at 5°C and —20°C. 

Comparing the results of this experiment 
with the previous one, it can be seen that ap- 
proximately the same level of immunizing ac- 
tivity was obtained with 0.1 mg amounts of 
the 12W50 fraction, the chloroform soluble 
fraction of 50% ethanol treated bacilli. 
When the amount of fraction injected was 
increased to 1 mg in two injections or 2 mg 
in one injection, a higher degree of resistance 
to. infection was produced. Fractions _pre- 
cipitated at 5°C and —20°C appeared to con- 
tain all the activity of the parent fraction, 
but no increase in activity was noted. The 
pool of eluates from chromatographic sepa- 
ration of 12W50 had completely lost all the 
original activity, however, when mixed with 
defatted bacillary residue, significant increase 
in potency of the preparation was noted. De- 
fatted bacilli in adjuvant produced an in- 
creased resistance which compares favorably 
with some of the best preparations thus far 
evaluated. Finally it should be noted that 
the most significant protection was produced 
in animals that had been rendered hypersen- 
sitive to the extent that they gave positive 
tuberculin reactions with 0.0002 mg of PPD. 

The last experiment is one in which further 
investigations of the defatted bacilli were 
made. Determinations were made of the ef- 
fect of heat (121°C for 20 min.), extraction 
with borate buffer and the effect of further 
extraction of the residue with alcohol-ether 
containing 3% HCl. 

From the results, Table IV, it would appear 
that extraction of neutral solvent insoluble 
residue with alcohol-ether containing 3% 
HCl destroys the remaining activity of this 
substance, since neither the soluble portion, 
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Anderson’s(10) “firmly bound lipids,” nor 
the residue after this extraction, possessed 
any ability to increase resistance of guinea 
pigs to tuberculosis. In addition it appears 
that 0.05 mg of defatted bacilli is the minimal 
effective amount and that autoclaving does 
not greatly affect the activity of the prepara- 
tion. The fraction soluble in borate buffer 
at pH 9.1 had an intermediate activity which 
might have resulted from the presence of 
small numbers of intact cells. 


Discussion. One of the major problems en- 
countered in an examination of biological 
properties of fractions of tubercle bacilli, is 
removal of intact bacilli from extracts and 
fractions, Raffel(11), Myrivik(12). Results 
of an earlier report of this work (Smith e¢ al.) 
(13), in which a smaller number of animals 
were used, are open to question because filtra- 
tion was the only method employed to remove 
intact bacilli from extracts. In this report, 
the same considerations may apply to loss of 
activity of the 12W50 extract following chro- 
matography. 

Results obtained after vaccinating guinea 
pigs with small amounts of defatted bacilli in 
adjuvant show that significant increase in 
anti-tuberculous resistance has taken place. 
Guinea pigs vaccinated with whole dead ba- 
cilli are not protected to the same extent. 
These results would imply that the vaccine is 
improved by removing neutral solvent soluble 
substances (z.e. Cord Factor). In another 
experiment, not reported here, neutral solvent 
soluble material of a strain other than 199RB 
did not significantly alter resistance of guinea 
pigs when tested under similar conditions. 


It has been reported by Anderson(10) that 
after extracting tubercle bacilli with neutral 
organic solvents it is possible to remove 10% 
more lipid by treating the bacilli with alcohol- 
ether containing 3% HCl. When these so- 
called “firmly bound lipids” were removed 
from previously extracted bacilli, neither the 
soluble portion nor the residue possessed any 
immunizing activity. Accordingly, it would 
appear that rupture of lipo-protein bonds 
which hold the firmly-bound lipids to bacil- 
lary protein renders the resulting materials 
inactive with respect to their resistance in- 
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ducing properties. It is also interesting to |]j 
note that at this same stage of fractionation, || 
the property of inducing a state of delayed |} 
hypersensitivity was also destroyed. | 

The fact that purified protein or lipid frac- | 
tions have the ability to stimulate increased 
resistance to tuberculosis in mice and guinea | 
pigs is shown by the work of Weiss and Du- 
bos(2), Kropp and Floyd(14), Choucroun | 
(15), and Youmans(16). The present work | 
neither confirms nor refutes these earlier ob- 
servations. 

With limitations on space and animal fa- 
cilities, it has been necessary to carry out 
evaluations in vivo on a screening basis using 
minimal numbers of guinea pigs for any one 
vaccine and a challenge-sacrifice type of ex- 
periment. Estimations of the extent of dis- 
ease at autopsy were made according to the — 
method of Feldman. Statistical studies by 
analysis of variance technic,++ indicates that, 
for groups of 14-20 animals, 10 points on the 
Feldman scale represents a difference which 
is significant at the 5% level. Since the work 
is still in a preliminary phase it was felt that 
only limited microscopic examination of tis- 
sues could be made. However, a definite cor- 
relation was shown to exist between gross and 
microscopic appearance of spleens and the 
extent of gross disease recorded for animals 
in several groups (BCG, 12W50 and Con- 
trols) of the experiment recorded in Table II. 

Finally attention should be drawn to re- 
sults obtained with BCG vaccines in the four 
experiments reported in this paper. Using 
approximately 1.0 mg of fresh vaccine 
(Phipps strain) or lyophilized vaccine (Tice 
strain), significant protection was afforded by 
BCG in each test. This is perhaps best shown 
in Fig. 1 where the spleens of four 
groups of the experiment recorded in 
Table IV are arranged in the approximate 
order of decreasing extent of gross disease 
reading left to right. 


Summary. 1. Comparison has been made 
in guinea pigs of ability of BCG and various 
extracts and fractions of the tubercle bacillus 
to stimulate increased resistance to tuber- 


tt Courtesy of the Numerical Analysis Laboratory, 
University of Wisconsin. 
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TABLE IV. Feldman Index Values for Immu- 
nized and Control Guinea Pigs Sacrificed Six 
Weeks after Challenge. 


No. of Mean 
G. pigs Tubereulin Feldman 
Vaccine sacrificed reactions index|| 
Defatted bacilli 20 + 36 
Ol mg 
Idem .05 mg 19 =F If 
1 UO aia AU) + 29 
DFB heated to 17 + Pap 
121°C 20 min. 
DFB extracted (sol- 17 — 62 
uble) in Ale-ether 
(3% HCl) 
Residue of above 20 + — 5] 
Whole cells heated 19 — 36 


at 121°C 20 min. 


DFB extracted with If 
borate buffer 


+ (min) 34 


BCG* 19 a 11 
Controls 19 — 63 


* Given one time only at time of first inoculation. 

+ BCG given one time only 6 wk before chal- 
lenge. 1 mg of 949BLP. (Lyophilized vaccine, 
Tice laboratories. ) 

¢ All fractions given as 0.05 mg in adjuvant un- 
less otherwise indicated. 

§ Tubereulin tested with 0.0002 mg of PPD. 

|| All animals infected with 300 viable units of 
culture 199RB in 1 ce of diluent subcutaneously 
over the thorax. Undiluted culture was first filtered 
through Whatman #1 filter paper. To reduce pos- 
sible variations in challenge inoculum, 10 ce syr- 
inges were used only once and the last 1 ce volume 
of suspension in each syringe was not used. 


culosis. 2. Significant resistance was in- 
duced by 1 mg of BCG, given subcutaneously, 
in each of 4 experiments reported. 3. Com- 
parable resistance was induced by 0.1 mg 
(in adjuvant) of a crude chloroform extract, 
and also by tubercle bacilli which had been 
exhaustively extracted with neutral organic 
solvents. 4. The immunizing potency of such 
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defatted bacilli was completely destroyed by 
extraction with alcohol-ether containing 3% 
HCl and only partially by autoclaving for 
20 minutes. The ability of defatted bacilli 
to induce delayed hypersensitivity was also 
destroyed by removal of firmly bound lipids 
with alcohol-ether containing HCl. 
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Effect of Prolonged Oral Administration of Reserpine (Reserpoid®) 


on Gastric Secretion.* 


J. ALFRED RIDER. 


(22119) 


(Intreduced by T. L. Althausen.) 


Department of Medicine and Gastrointestinal Clinic, University of California School of Medicine, 
San Francisco. 


An increasing number of reports in medical 
literature testify to the effectiveness of 
Rauwolfia serpentina Bentham and its alka- 
loid, reserpine, in the treatment of hyperten- 
sion, psychoses, neuroses and other conditions 
in which anxieties, tension and aggressions 
play a prominent role either in symptomatol- 
ogy or etiology. Reserpine might also be use- 
ful in the treatment of certain gastrointestinal 
disorders, such as peptic ulcer, functional 
bowel distress, including irritable colon syn- 
drome with diarrhea or constipation, and other 
types of functional digestive disturbances. 
The work of Bein(1,2) indicates that reser- 
pine acts upon the central autonomic mechan- 
isms and that this action can be explained by 
a direct depressant effect on the hypothala- 
mus. This produces peripheral effects similar 
to those resulting from stimulation of the 
parasympathetic nervous system. For exam- 
ple, Bein(3) and Plummer e¢ al.(4) observed 
increased motor activity of intestinal tract in 
animals after administration of reserpine. 
More important, Plummer ef al.(4) found 
that an increase in both volume and hydro- 
chloric acid content of the gastric juice of 
dogs followed intravenous administration of 
15 mg/kg of body weight of reserpine. This 
increased secretion was effectively prevented 
for several hours by parenteral use of an anti- 
cholinergic drug. Beman(5) stated that both 
oral and intravenous preparations of reserpine 
have a potent effect on parietal cells of gastric 
glands in man, as shown by a significant eleva- 
tion of gastric acidity, not altered by admin- 
istration of atropine. 

Since it is recognized that free hydrochloric 
acid is one of the essential factors in produc- 
tion of peptic ulcer and that increased gastric 
acidity is more common in patients with 
duodenal ulcer than in normal subjects, it is 


* This study was supported by grant from The Up- 
john Co., Kalamazoo, Mich. 


of importance to determine whether prolonged | 


oral administration of reserpine in therapeutic |} 


doses produces significant alterations in gas- | 
tric acidity. It is the purpose of this paper to | 
report effects of daily administration of re- 
serpine orally on gastric secretion of 20 pa- 


tients with various gastrointestinal disorders, | 


including peptic ulcer. 

Materials and methods. Twenty unselected | 
patients from the Gastrointestinal Clinic, 
diagnosed as having duodenal ulcer, gastric 


ulcer, functional bowel distress, etc. (Table jf} 


I), were given 0.25 mg reserpinet orally 4 
times daily for 7 to 210 days; 8 were males 
and 12 females; age ranged 29 to 73 years. 
Patients with peptic ulcer were maintained on 
a modified Sippy diet with antacid medication. 
They received no anticholinergic drugs or 
other agents known to affect gastric secretion 
during this study. A one-hour basal gastric 
analysis was performed on each patient prior 
to therapy. The technic has been described 
previously(6). It consists first of collection 
via a Rehfuss tube of all gastric juice in the 
stomach after an over-night fast. This is 
called the residual specimen (R). Continuous 
aspiration is then carried out by means of 
hand syringe for 4 consecutive 15-minute 
periods. The (R) and each 15-minute collec- 
tion (B1, B2, B3, B4) are titrated for free 
hydrochloric acid; total volume is measured 
and output of hydrochloric acid calculated. 
After the control basal gastric analyses were 
made, patients were given 0.25 mg of reserpine 
orally 4 times a day for variable lengths of 
time, and a second basal gastric analysis ob- 
tained. The results were compared with cor- 
responding pre-treatment values. 

Results. As shown in Table I, maximum free 
gastric acidity rose in 6 instances, fell in 13 
instances, and was unchanged in one. Patients 


+ Supplied as Reserpoid® tablets by The Upjohn 
Co., Kalamazoo, Mich. 
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TABLE I. 
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Individual Comparisons of Basal Gastric Analyses before and after Reserpine 


Therapy in 20 Patients. 


Patient, sex, age 


Before reserpine 


No. days During reserpine 


“and diagnosis Res. Bl B2 B3 B4 ondrug Res. Bl B2 B4 
jee ee 2 he, HCl* 13 20 34 23 16 if 18 52 74 45 63 
Duodenal ulcer Vol.t 10 24 20 17 14 8 8 7 3 6 
J.S. a ee HCl ) 19 Ber BO) 8 9 Q 20 20 8 0 
Hiatus hernia Vol. 32 1633 wal 3 8 4 is 14 Ss: 8 
KeB: fe) 52 HCl 14 0 2 1 0 14 2 (yi Bh a 
Gastric ulcer Vol. 14 10 8 9 i ae 16 113} 10 14 
M.H. a 70 HCl 4 42 44 44 36 14 19 40 20 26 24 
Duodenal ulcer Vol. 10 5 Wf 5 4 14 7 5 8 19 
W.M. @ 56 HCl 60 43 70 85 £85 14 SA OU 2 Ge 
FBDt Vol. 58 40 Ce SoS iis; 7) BERS 2B 
Ds 3} 54 HCl 1 0 i 10 i, ive 0 0 0 0 0 
Duodenal ulcer Vol. 26 24 16 10 14 26 30 23 27 12 
S.C. 3} 40 HCl 18 PAL 40 10 4 24 12 18 26 38 28 
FBD Vol. 49 20 iy PAN) 0) 0) GS BID 
D.A fe) 62 HCl 0 26 aly 17 16 28 O) G0) Bey Gt) ale! 
FBD Vol. 24 24 623850 By BxO) iis IBS ALS 
P.Me fe) 71 HCl 0 0 0 0 4 31 0 0 3 3 0 
FBD Vol. 6 2 pe ALS ital GO oe lie clloeetall 
E.B fe) 54 HCl 0 9 19 48 48 51 0 0 IG HL) 
FBD Vol: 3 16 15 all 1153 9 16 8 8 5 
R.M. fe) 63 HCl QB EO 70) lbs 3h) 0 eto OMO 
FBD Vol. 2 9 5) 10 3 16 ff 12 8 13 
G.G. A 60 HCl 25 0—C OO) SS) ai 0 0 0 QQ) ae 
Gastric resection Vol. 4 i@) XD) By als alae al) 
IPB A 29 HCl 0 GQ OT a BS 42 0 0 0 0 0 
Gastric resection Vol. 14 8 7 6 6 10 5 3 9 9 
A.D. & Sif HCl 0 41 65 47 84 42 48 -67 69 29 70 
FBD Vol. We BGR 23 13 9 ala. ee AE RS 
M.S. fe) 43 HCl 8 0 0 0 0 46 10 0 18 4 15 
Hiatus hernia Vol. 24 38 16 15 18 24 30 32 21 22 
C.G. a 67 HCl 0 14 5 0 3 80 11 5 9 16 6 
Duodenal ulcer Vol. 10 6 6 6 4 10 8 7 7 3 
M.A. fe) 65 HCl 7 30 Os Bax) ie Og) LO) 2 aee oe 
FBD Vol. 20 Bi Bt 18 43 6 17 LO 199 Ss: 
M.O. fe) 65 HCl sy BE aikes} if XS 210 0) 45° 265 2054 
FBD Vol. PAL sy ky BX DS 14 15 12 5 5 
M.Me. 9 63 HCl 0 12 20 12 15 52 0 0 0 6 20 
FBD Vol. 33 22 iy 8 5 23 ee See eee 
O.W. ce) 46 HCl 16 0 1155 0 13 25 Oe 5 6 1 g 
Pylorospasm Vol. 405 10) 28) 25 AZ 42 17 15 15 12 

* Conc. in mEq/L. + In ml. { FBD = Functional bowel distress. 


with peptic ulcer did not appear to react dif- 
ferently from those with other digestive dis- 
turbances or diseases. It is apparent that re- 
serpine does not produce a consistent gastric 
secretory change in either direction. The 
average volume, free acidity and output of 
hydrochloric acid of residual specimens and 
of the four 15-minute basal specimens during 
reserpine administration showed no significant 


change from control values. 

None of these patients experienced any 
significant side effects. An occasional patient 
complained of a slight “stuffy” feeling in the 
nose. 

Discussion. Prior to clinical trial of re- 
serpine in peptic ulcer and other gastrointes- 
tinal disorders, we investigated the effect on 
gastric acidity of prolonged oral administra- 
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tion of the drug in average therapeutic 
amounts. Although animal experiments, theo- 
retical considerations, and one report on hu- 


man volunteers have indicated that reserpine. 


can increase gastric acidity, under conditions 
of this study, no significant change of volume, 
free hydrochloric acid or output of hydro- 
chloric acid was observed during reserpine ad- 
ministration. 

It is possible that large doses of reserpine 
taken orally or parenterally over a short 
period of time may increase gastric acidity, 
since they have been shown to cause other 
severe side effects, as indicated by Noce e¢ al. 
(7). It is also possible, however, that tran- 
quilizing effect of well-tolerated doses of re- 
serpine may bring about a secondary decrease 
in gastric acidity and may therefore be helpful 
in the management of the peptic ulcer patient. 

Conclusions. 1. Basal gastric analyses were 
made in 20 patients with various gastrointes- 
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tinal disorders, including peptic ulcer, before | 
and during therapy with reserpine. 2. No | 
consistent change in volume, free hydrochloric 
acid concentration or output of hydrochloric 
acid was observed after prolonged oral admin- | 
istration of 0.25 mg of reserpine 4 times daily. 
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Effects of Liver Fractions on Thyroid Function of the Rat.*t (22120) 


D. R. HIGHLEY AND H. E. PARKER. 


(Introduced by William A. Hiestand.) 


Department of Biochemistry, Purdue University, West Lafayette, Ind. 


Several investigators have reported that 
diets containing liver produced thyroid en- 
largement in different laboratory animals 
(1-5). Hou(5) was able to demonstrate that 
goitrogenic activity was present in the ethanol 
soluble portion of ox liver. Although sub- 
stantial thyroid enlargement was obtained 
in the latter investigation, a search of the lit- 
erature has failed to yield any further infor- 
mation concerning the substance(s) respon- 
sible for the goitrogenicity. Anselmino and 
Hoffman(6) found fetal blood and other ani- 
mal tissues to contain an ‘‘antithyroid protec- 
tive” substance capable of overcoming the 
increase in basal metabolic rate caused by 
thyroxine injection. More recently Ershoff 


* Journal paper No. 857 of the Purdue University 
Agric. Exp. Station. 

+ Supported in part by a grant from Lilly En- 
dowment Inc. 


(7-10) has studied the “antithyrotoxic” ef- 
fect of liver in overcoming the growth re- 
tardation of rats fed thyroidactive materials. 

The present investigation is part of a study 
designed to identify the substance(s) respon- 
sible for the goitrogenicity of liver and to de- 
termine whether its goitrogenicity is related 
to the “antithyroid protective” substance or 
the ‘“‘antithyrotoxic” factor. 

Experimental. Sixty male and 60 female 
rats of the Wistar strain (housed in individ- 
ual wire cages) were divided equally into 12 
groups of 10 each and treated as indicated in 
Table I. Pork liver fractions} were incor- 
porated into an iodine deficient ration (Table 
IT) and into the same ration containing ade- 
quate iodine. The liver fractions replaced 


+ Desiccated pork liver and the water soluble and 
water insoluble fractions of pork liver were pur- 
chased from Wilson Laboratories, Chicago, III. 


Liver FEEDING AND THYROID FUNCTION 639 
TABLE I. Effect of Liver Feeding on Thyroid Function. 
a 
Protein 
Thyroid-iodine contentt bound 

Jodine con- Thyroid wt r — plasmaio- Avg 

tent of ra- /100 g body Protein dine/100 weekly 

Treatment tion, p.p.b. wt, mg* Total, % bound, % ml, ug gain, g 
Basal ration 58 7.44 + 1,21 .0106 + .0025 .0103 + .0025 1.40 29.2 
3% H.0 soluble liver a Selult ales 0 0133 + .0032 .0117 re .0032 1.62 29:2 
6% ; S ; v 8.52 + 1.08 .0094 + .0025 .0087 + .0018 1.14 26.8 
20% H,O insoluble liver ag 12.28 + 1.42 0040 + .0004 .0029 + .0008 1.20 28.6 
20% desiccated liver ue Ie lis) SS 21s) .0038 + .0028 .0025 + .0014 1.62 14.6 
-01% thiouracil ae 15.83 — 2.59 .0022 + .0009 .0013 + .0007 1.21 27.3 
Basal ration 400 5.77 + 1.49 0545 + .0080 .0463 + .0148 SCY 28.2 
39% 10 soluble liver z doo s+ 216 .0616 + .0115 .0579 + .0120 2.45 29.8 
OGm : " e ih 6.44 + 1.47 .0576 + .0120 .0567 + .0179 BefiAl 26.2 
20% H.O insoluble liver 2 6.58 + .70 .0639 + .0307 .0541 + .0295 2.70 28.8 
20% desiccated liver " 6.389 + 1.01 .0615 + .0291 .0594 + .0288 3.02 16.2 
-01% thiouracil Z 10.39 + 1.30 .0096 + .0029 1.89 27.4 


.0082 + .0023 


* Mean + stand. dey., 10 animals/group. 


t Mean + stand. dev., from analyses of thyroids from 4 animals/group. 


wheat germ in the diet and the percentage 
composition of the diets was adjusted by 
varying the quantity of corn and wheat germ 
until each contained the same percent pro- 
tein. Diets containing 0.01% thiouracil were 
used to compare the goitrogenic activity of 
the liver fractions with that of a known goit- 
rogen. After the animals had been on the 
experimental diets for 39 or 40 days they 
were starved for 20 hours after which basal 
metabolic rates were determined using a 
modified Haldane apparatus. On the 42nd 


TABLE II. Composition of the Basal Diet.* 


Ingredient Yo 
Corn 58.6 
Wheat germt 35.0 
Cottonseed oil 2.0 
DL methionine 4 
Mineral mixturet 4.0 


* The following amounts of vitamins were added 
to this diet (expressed in mg/100 g): riboflavin 1, 
thiamine hydrochloride 0.75, niacin 5, 7 inositol 30, 
pyridoxine hydrochloride 1, choline chloride 200, 
biotin 0.01, folic acid 0.01, calcium pantothenate 5, 
p-amino benzoic acid 30, vit. B,. 0.002, 2-methyl- 
naphthoquinone 0.50, a-tocopherol 10, vit. A ace- 
tate 0.05, and ealciferol 0.005. 

+ Wheat germ which had been partially defatted, 
dehydrated and pulverized was purchased from 
Viobin Corp., Monticello, Ill. 

+ The mineral mixture had the following per- 
centage composition: sodium chloride 4.43, mag- 
nesium sulfate (anhydrous) 6.78, disodium phos- 
phate 8.86, monopotassium phosphate 19.03, potas- 
sium chloride 10.40, calcium phosphate monobasic 
13.75, calcium lactate 33.07, ferrous ammonium 
sulfate 3.63, manganese sulfate 0.016, copper sul- 
fate 0.024, and zine carbonate 0.024. 


day blood samples were taken and pooled ac- 
cording to treatment. Thyroid glands were 
excised, weighed and reserved for analysis. 
Protein bound plasma iodine determinations 
were made using the procedure of Barker 
(11). The following determinations were 
made on thyroid samples: total fresh 
weight, dry matter content, total iodine con- 
tent, and protein bound iodine content. 


Results. The goitrogenic activity of pork 
liver was found to be present in the water in- 
soluble fraction and, with rats fed low iodine 
diets, was of nearly the same magnitude as 
that produced by 0.01% thiouracil. When 
the iodine intake was adequate the goitro- 
genicity of water insoluble liver was com- 
pletely overcome. Desiccated liver exhibited 
the same degree of goitrogenicity as water 
insoluble liver and rats fed the former grew 
poorly. The concentration of iodine in the 
thyroid glands of rats fed the goitrogenic 
liver fractions and low dietary iodine was ap- 
proximately one-third that of the correspond- 
ing controls. This decrease appeared to be 
due to lowered protein bound thyroid iodine. 
However, when adequate iodine was included 
in the diet the thyroid iodine of animals fed 
the goitrogenic liver fractions was the same 
as, or slightly higher than, that of the control 
animals fed the same level of iodine. Thiour- 
acil reduced thyroid iodine concentration at 
both dietary iodine levels. Histological ex- 
amination of thyroid sections indicated that 
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water insoluble liver was as active as 0.01 
percent thiouracil in causing loss of colloid, 
and epithelial hypertrophy and hyperplasia. 


Slight variation was observed in_ protein. 


bound plasma iodine values at the low dietary 
iodine level, but adequate dietary iodine re- 
sulted in increased plasma protein bound io- 
dine values with rats fed all the liver frac- 
tions. This was not accompanied by an in- 
crease in basal metabolic rate. No significant 
differences in basal metabolic rate were ob- 
served between treatments when expressed 
either as a function of body weight or of body 
surface area. 

Discussion. Rats fed low dietary iodine 
and water insoluble liver had greatly reduced 
protein bound thyroid iodine stores but when 
the liver fed animals received adequate diet- 
ary iodine not only did thyroid protein bound 
iodine return to normal but plasma protein 
bound iodine values were nearly doubled. 
This appears to indicate an increased synthe- 
sis and secretion of thyroxine rather than a 
decreased rate of thyroxine synthesis as is 
observed with thiouracil. The effects of the 
liver fractions on thyroid size and the level of 
protein bound iodine in the thyroid and in 
blood plasma seem to be dependent upon the 
level of iodine available to the thyroid. It 
would also appear that whatever causes this 
effect on thyroid and plasma protein bound 
iodine is either partially water soluble or dif- 
ferent than the agent responsible for the thy- 
roid enlargement observed in rats fed water 
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insoluble or desiccated liver. In either case 
it appears that the mode of action of the 
goitrogenic factor(s) in liver is unlike that of 
thiouracil. 

Summary. The present study is part of 
an investigation initiated in order further to 


purify and evaluate the goitrogenic substance |} 


(s) present in liver. The activity was found 
to be in the water insoluble portion of pork 
liver. Increased dietary iodine completely 
overcame its effect on thyroid size and iodine 
content. The decreased thyroid iodine of 
rats fed this material and inadequate iodine 
appears to be due to a fall in the protein 
bound fraction. This may be caused by an 
increased thyroxine secretion rate. Further 
experiments are in progress further to purify 
and study the metabolism of the active prin- 
ciple. 
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Immunochemical Determination of Orosomucoid,* (22121) 


SIDNEY SILBERBERG, Morris GoopMan,t NicnorAs A. KEFALIDES, AND 
RICHARD J. WINZLER. 


Departments of Pathology and of Biological Chemistry, University of Illinois College of Medicine, 
Chicago. 


A low molecular weight, acidic glycoprotein 
having the mobility of an alpha-1-globulin at 
pH 8.6 has been isolated from human serum 
and has been extensively characterized (1-5). 
This protein, designated orosomucoid(5,6), is 
a major component of the ‘‘seromucoid’’(7) 
or “mucoprotein’(8) fractions of serum, frac- 
tions which increase significantly in a number 
of diseases(6). 

Studies on the concentration of orosomu- 
coid in serum and other body fluids, as well 
as in various tissues, may be expected to yield 
information relating orosomucoid to disease 
and bearing on the origin of this glycoprotein. 
An immunochemical determination seemed 
best suited to the determination of orosomu- 
coid in solutions containing proteins having 
similar stability and solubility characteristics. 
Previous attempts to prepare precipitating 
antibodies to this protein have been only 
moderately successful(9,10), due to the low 
antigenicity of orosomucoid. In the present 
paper it is shown that precipitating antibodies 
against orosomucoid can be prepared in chick- 
ens, and that these can be used to quantitate 
orosomucoid in serum and in tissue extracts. 

Materials and methods. Orosomucoid was 
prepared from fraction VI of pooled normal 
human serum: by the method of Kefalides 
and Winzler(5). Antiserum was produced in 
healthy hens about one year old. One hun- 
dred mg of orosomucoid dissolved in 3 ml of 
water and mixed with an equal volume of 


* This work has been supported in part by grants 
from the National Cancer Institute, the Arctic Aero- 
medical Laboratories of the Air Force, and the 
Chicago Heart Assn. 

+ Present address: Detroit Institute for Cancer 
Research, Detroit, Mich. 

+t We wish to acknowledge the gift of barium ace- 
tate paste containing fraction VI by Cutter Labora- 
tories, Berkeley, Calif.; Armour Laborateries, Chi- 
cago, Ill.; and Michigan Public Health Service, Lan- 
sing, Mich. 


aluminum hydroxide adjuvant was injected 
into the breast muscle. Two weeks later the 
injection was repeated, and 7 days later the 
chickens were bled out by cardiac puncture. 
The blood was citrated to prevent coagulation 
and to obtain maximum yields, and the cells 
separated by centrifugation. One hundred 
fifty mg of solid sodium chloride was added 
for each ml of plasma. The suspension was 
centrifuged and the fibrinogen which was 
salted out was removed as a gelatinous mat at 
the surface. The serum was then diluted 
with an equal volume of water to make the 
final sodium chloride concentration about 
8%. The procedures developed by Goodman 
et al.(11-13) were adapted for the present 
immunochemical studies. Qualitative tests 
were carried out by adding a _ constant 
amount of antiserum (0.2 ml of a 1:2 dilution 
of antiserum) to 0.2 ml portions of serial dilu- 
tions of antigen in 8% NaCl, and examining 
for the presence of a precipitate after 1 hour 
at 38°C and again after 18 hours at 4°C. 
Quantitative determinations were carried out 
in 8% NaCl by adding 0.5 ml of the anti- 
serum preparation to 0.5 ml of the antigen 
dilutions. The reactants were incubated at 
38°C for 1 hour and then placed in a refrig- 
erator for 18 hours. The tubes were then 
centrifuged at 2500 rpm for 30 minutes. 
Supernatants were decanted and saved for 
tests for antigen or antibody excess. Pre- 
cipitates were resuspended in 5 ml of 8% 
saline and centrifuged again. A control con- 
taining antigen and normal chicken serum, 
as well as one containing 8% saline and the 
antiserum were carried out with each series 
of determinations. In no case did significant 
precipitation occur in the controls. The 
amount of protein in the precipitates was de- 
termined either from nitrogen determination 
by the method of Lanni et al.(14), using a 
factor of 6.25 to convert nitrogen values to 
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TABLE I. Quantitative Orosomucoid-Antiorosomucoid Interactions. 
a 


Antibody 
Total protein Orosomucoid precipitated 
Orosomucoid, in precipitate, precipitated, (by difference), Supernatant 
ug eg pg : ug AB/AG tests, excess 
0 0 — — —_— | AB 
a 13.8 BEL 13.1 19.2 - 
1.4 26.6 1.4 25.2 18.0 ‘ 
2.8 50.0 2.8 47.2 16.9 ys 
5.5 75.0 5.5 69.5 12.6 es 
il 100.6 11.0 89.6 8.2 * 
21 126.2 = = = AG 
42 158.2 — — — 2 
84 113.4 — — — 
167 94.2 —- —- — 


0.5 ml antiserum PO-7 (diluted 1:2) plus 0.5 ml orosomucoid solutions in 8% NaCl. (Ineu- 
bation 1 hr, 38°C, 18 hr 4°C, Precipitated nitrogen determined and converted to protein by 


multiplying by 6.25.) 


protein, or by the method of Lowry e¢ al. 
(15) using serum albumin as the standard. 
The serum seromucoid fraction was deter- 
mined by the method of Weimer and Mo- 
shin(16). 

Results. The antigenicity of orosomucoid 
is rather low in comparison with other plasma 
proteins. Preparation of antiserum from dif- 
ferent chickens varied markedly, containing 
from 100 to 400 pg of antibody protein per 
ml.§ The preparation used to obtain the data 
shown in Table I contained between 90 and 
100 wg of antiorosomucoid in 0.5 ml of the 
1:2 dilution of the antiserum. 

Table I shows a typical set of results when 
pure orosomucoid is mixed with antiserum 
prepared against it. As with other chicken 
precipitin systems(9) in which the reaction 
is carried out in concentrated NaCl, a rela- 
tively large excess of antigen is needed before 
inhibition of precipitation begins. The ratio 
of antibody to antigen in the precipitate 
formed in the antibody excess zone ranged 
from 19.2 to 8.2. Amounts of precipitate in 
this antibody excess zone, when plotted, 
serve as a Calibration curve for determining 
the orosomucoid content of unknown mix- 
tures. Since as little as 0.7 wg of the antigen 
yields a precipitate 19 times its own weight, 


§ It has been subsequently found that 4 to 8-fold 
higher antibody titers can be obtained by a single 
intramuscular injection of 200 mg of orosomucoid to 
chickens and collection of the blood in 10 days. It is 
likely that other injection schedules may result in 
still more effective antisera. 


it is unlikely that the precipitate results from 
a reaction with a minor component of the 
antigen. 

To ascertain the homogeneity of the oroso- 
mucoid-antiorosomucoid system, the precipi- 
tation reaction was studied in a gel medium 
by the technic developed by Oudin(17). Two 
types of antisera were employed in these 
studies, antiorosomucoid and _ antibodies 
against fraction VI from which orosomucoid 
was prepared. This fraction contains albu- 
min as well as several a-1 and a-2 proteins in 
addition to orosomucoid. The results of the 
studies using the Oudin technic are summar- 
ized in Table II. Since single bands were ob- 
served in series 1, 2 and 3, it appears that 
the orosomucoid-antiorosomucoid system is a 
homogeneous one. This band had a rate of 
migration which was proportional to the 
square root of the time, as shown by Munoz 
and Becker(18). 


TABLE II. Orosomucoid-Antiorosomucoid Inter- 
actions in a Gel System. 
Overlying 
In gel solution 
1:2 dilution of anti- 
serumin8% NaCl, 1% sol. of 
0.15 M pH 7.4 phos- antigen in 
phate &0.6% agar 8% NaCl Results 
1. Antiorosomucoid Orosomucoid Single strong 
band 
: e Fraction VI Idem 
3. Antifraction VI Orosomucoid Single weak 
band 
4, sf Fraction VI Four distinet 
bands 
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(meZ) 


OROSOMUCOID 


SEROMUAOID CHO 


(mg %) 
Comparison of seromucoid fraction and 
orosomucoid levels in normal and abnormal sera. 


IMU Sale 


The orosomucoid content of serum can be 
estimated by the immunochemical method 
described. Two-tenths ml of serum is diluted 
to 40 ml with 8% NaCl. Five-tenths ml of 
the diluted serum is added to 0.5 ml of 1:2 
antiserum, and the incubation and protein 
determination carried out as previously de- 
scribed. The amount of orosomucoid is then 
determined from calibration curves of the 
type shown in Table I. Fifty normal sera ex- 
amined in this manner showed a mean value 
and standard deviation of 103 + 26 mg%. 
A single sample of serum was assayed re- 
peatedly over the course of several months 
and gave consistent results. Thus, serum 
orosomucoid appears to be stable to storage 
by refrigeration. 

In many clinical conditions including can- 
cer, tuberculosis, etc., the orosomucoid levels 
are significantly elevated. Detailed data on 
serum orosomucoid levels in disease will be 
considered in subsequent reports. Values for 
orosomucoid are slightly higher than those 
for the seromucoid fraction determined in 
perchloric acid filtrates of serum(6). This 
is due primarily to the fact that there is con- 
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siderable (30-50%) coprecipitation of the 
seromucoid fraction with the proteins precipi- 
tated by perchloric acid. Since it has been 
shown that orosomucoid is a major compon- 
ent of the seromucoid fraction(19), studies on 
seromucoid and orosomucoid levels of a series 
of 100 normal individuals and patients with 
various diseases associated with high serum 
glycoprotein levels were carried out. The re- 
sults, shown in Fig. 1, demonstrate a rough 
correlation between the serum levels of oroso- 
mucoid and of the seromucoid fraction. The 
lower line in Fig. 1 is that expected from oro- 
somucoid values corrected to a carbohydrate 
basis by multiplying by .16 (the fraction of 
hexose in orosomucoid) (3). Since the values 
of the seromucoid fraction are low by 30 to 
50% due to coprecipitation with other pro- 
teins during perchloric acid precipitation(8), 
a further correction of the seromucoid values 
has been made by multiplying by 0.6. This 
second correction, which depends in part 
upon the total protein value, results in the 
upper line shown in Fig. 1. The fact that 
most of the experimental points lie along this 
line suggests that orosomucoid is the major 
prote’n in the seromucoid fraction. This sub- 
stantiates the observation to be reported else- 
where(19) in which the seromucoid fraction 
has been shown by immunological methods 
to contain orosomucoid. 


Much of the deviation of individual points 
from the best straight line is undoubtedly due 
to differences in coprecipitation or to com- 
bined experimental errors of the two methods. 
Points far to the left of this line, however, 
may be due to a cross reaction of the antibody 
with proteins precipitated by perchloric acid. 


The present results demonstrate that an 
increase in the levels of orosomucoid in the 
serum of patients with tuberculosis, cancer, 
and a variety of other diseases can be deter- 
mined with a specific immunological method. 

The specificity and ease with which this de- 
termination can be carried out should make it 
a useful adjunct for the study of the source 
and significance of the serum glycoproteins. 
A possible extension of this work involves the 
coupling of fluorescein isocyanate with the 
antibodies to orosomucoid and the investiga- 
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tion of the deposition of the labeled anti- 
bodies in freeze-dried sections of various tis- 
sues suspected of being sources of orosomu- 
coid. 


Summary. A homogeneous glycoprotein, 
orosomucoid, isolated from normal human 
serum was found to be weakly antigenic in 
chickens. The antibody-antigen system ap- 
peared to consist of a single antigen and its 
specific antibody. A procedure for determin- 
ing immunochemically the orosomucoid con- 
tent of serum has been described. The results 
show a reasonably good correlation of oroso- 
mucoid with the levels of the seromucoid frac- 
tion (mucoprotein) of normal and_ patho- 
logical serum. 
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(Introduced by M. L. Tainter.) 


Sterling-Winthrop Research Institute, Rensselaer, N. Y. 


Farber and his associates(1) observed that 
the anti-folics may be used to treat leukemia. 
This observation gave impetus to the synthe- 
sis and examination of metabolite blocking 
compounds. One outgrowth of this was the 
observation by Hitchings and his co-workers 
(2,3) that some anti-folics may have anti- 
malarial properties. In view of these findings 
we have examined compounds initially pre- 
pared for testing against malaria(4-9) for 
their ability to interfere with the utilization 
of folic acid. 

In this communication the results of tests 
on 93 quinolines for anti-folic properties are 
given. It may be indicated at the outset that 
some of the most useful anti-malarials are 
without effect against folic acid. While some 


specificity of activity was suggested by the 
study, the compounds do not compare favor- 
ably with some of the known anti-folics. Ac- 
cordingly, the results appear to be only of 
theoretical interest at this time. 
Experimental. The method of test was 
based on the use of Streptococcus faecalis 
(ATCC No. 8043) with a slightly modified 
version of the medium of Teply and Elvehjem 
(10). The modifications consisted of omit- 
ting the xanthine from the medium and of 
substituting ‘“‘vitamin-free” casein hydroly- 
sate (Nutritional Biochemicals) for the 
charcoal treated preparation suggested by the 
above authors. Under our conditions of test, 
with increasing amounts of folic acid in the 
medium up to 1 mug per ml of medium, the 
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TABLE I. Quinolines Which Interfere with the Utilization of Folic Acid. 


Activity vs. 
folie acid, 


Compound* Derivatives ug/ml 

4-NH(CH,).N (CoHis) 2 3-CH, 7-Cl(4) 1.6/ 8 
4-NH(CH,),N(C.Hs).» 3-NO, 7-Cl 40 /200 
4-CH (C,H; )COO(CHs). 2N (C,H;)2(8) a 
4-COO(CH.,).S(CH,.). ms Bele) 2-OC,H, f 
4-COO(CH,).S(CH, )N V C5 Bio G e 
4-SCH,CONH (CH,).N(C.H;). 3-CH, 7-Cl(9), 3-Br 7-Cl1(9), 3-CH, 

6-OCH,;(9), 3-CH, 6-Br(9) 

8-NH(CH,.)3N (C, Ho). 6- OCH; 8 / 40 


= : 
Six public ations, cousidered representative, are ‘cited for the chemistry of compounds given 


in the Tables. 


growth, as judged by acid production, in- 
creased from blanks of about 0.5 ml of N/10 
alkali per tube up to 9.5 to 10 ml of alkali. 
For the test, about half maximum growth was 
obtained with 0.32 mug of folic acid per ml of 
medium. Accordingly, the test compounds 
were run against this amount of folic acid in 
the medium. They were added to duplicate 
tubes in amounts of 1.6, 8.0, 40 or 200 ng per 
ml of medium. The tubes were plugged, ster- 
ilized for about 12 minutes at 120°C, cooled, 
inoculated(11) with a drop of a suspension 
of the organism, and incubated for 3 days at 
37°C. At the end of this time, the growth 
was estimated titrimetrically. 

Results. The compounds tested and their 
ability to interfere with the utilization of folic 
acid are summarized in Tables I and IJ. An 
arbitrary ratio term is given in the Table to 
evaluate the compounds which interfere with 
the growth of the organism. The lesser 
amount is that at which little or no interfer- 
ence with the growth of S. faecalis occurred, 
while the larger amount is that at which 
growth was essentially completely prevented. 

From the results summarized in Table I it 
may be seen that 10 of the quinolines were 
toxic to the organism. To determine the na- 
ture of the toxicity, the inhibitory activity 


was further differentiated. With 2.0 myg of : 


citrovorum factor(14) per ml of medium as 
the limiting nutrient, in place of folic acid, 
the mercapto quinoline N-(2 diethylamino- 
ethyl) - (7-chloro-3-methylquinolyl-4) - mer- 
captoacetamide was no longer inhibitory. 
With 2.5 pg of thymine(15,16) per ml of 
medium as the limiting nutrient in place of 


A more complete listing of compounds tested against malaria may be seen in 
Wiselogle(12) or in the F. S. A. monograph (13). 


folic acid 7 - chloro-4-(4-diethylaminobutyl- 
amino )-3-nitroquinoline was no longer inhibi- 
tory. Finally, with 2.5 pg of thymidine(17) 
per ml of medium as the limiting nutrient in 
place of folic acid, the mercaptoquinoline N- 
(2 - diethylaminoethyl) - (6 - methoxy-3-me- 
thylquinolyl - 4) - mercaptoacetamide was no 
longer inhibitory. 

The inhibitory properties of the foregoing 
3 quinolines, while interesting, are consider- 
ably below those of some of the better known 
anti-folics. For example, in the presence of 
0.32 myg of folic acid per ml of medium un- 
der the above conditions of test the inhibition 
ratios were 0.008/0.04 wg for aminopterin, 
0.00032/0.0016 wg for amethopterin, and 
0.0016/0.008 wg for pyrimethamine (Dara- 
prim) per ml of medium. Thus the latter 
were 5000-fold (or more) as active as the 
above 3 quinolines. Accordingly, the results 
appear to be of no more than theoretical in- 
terest at this time. 


Seven of the quinolines of Table I which 
blocked the utilization of folic acid were still 
inhibitory with thymidine in the medium as 
the limiting nutrient. Whether the inhibitory 
activity of these compounds was due to a 
block in the nucleic acid metabolic sequence 
or whether it was due to interference in some 
other metabolic sequence is not known. 

The anti-malarials given in Table II, in 
amounts up to 200 pg per ml of medium, did 
not inhibit the organism in the presence of 
limiting amounts of folic acid. This included 
chloroquine (Aralen), hydroxychloroquinet 


t+ Not to be confused with oxychloroquine. 
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(Plaquenil), sontoquine, primaquine, and iso- 
pentaquine. The biguanide anti-malarial 
Paludrine in our hands was likewise inert, 
although it is clearly an anti-folic with the L. 
casei test system(18). Thus, the foregoing 
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anti-malarials differ from pyrimethamine, 
which is a strong inhibitor of folic acid with | 
S. faecalis. | 
Accordingly, it may be concluded that an 
examination of 93 quinolines, prepared in — 


TABLE II. Quinolines Which Do Not Interfere with the Utilization of Folie Acid. 


| | 
Compound 7| | lo 


Derivatives 


a, 4-amino quinolines 


bis [ (4-NH.,,2-CH,,6-quinolyl)-N HCO | = oN 


4-NH(CH,),.NHCH,CH,OH 
N(C.Hs)2 
¥ N(C,Hy)s 
4-NH(CH,),N (C.Hs)» 
4-NHCH,CHOH CH,N(C.H;)» 


4-NHCH(CH,) (CH,),NC,H,O 
4-NH(CH,),N(C,H;) » 


4-NH (CH,),N (C,H): 
»CHOHCH,N (C,H;) 
4-NHCH(CH,) (CH,);N(C,H;)s 


® NCC H;) (C,H,OH) 
B NC,H 
4-NHOH,CH (0,H,OCH,) (CH,) oN (CsHs) 2 
(CgH;) (CH,)2N (CoH) » 
4-NH (CH,),8(CH2).N (C.H;)» 
2 SO,(CH,)N (CoH) > 


CH, 


C,H, 
mee ES. 7-Cl 


-C 

3-CH 

nic. 3-CH, 7-Cl (brachysan) 
-Cl (oxychloroquin) (6), 3-CH, 

-Cl(6), 3-Br 7-Cl, 3-I 7-Cl, 5-Cl 
-Cl 
-C 
-C 


1(5), 7-Br(5), 6-OCHs, 3-CH, 
l oe aN a (6) 

-CH 

-Cl 

” (chloroquine) (5), 7-Br(5), 

3-CH, 7-Cl (sontoquine) (6), 3-CH, 

7-Br(6), 2-CH, 7-Cl, 5-Cl 

7-Cl (hydr oxychloroquine) 

7-Cl 


3-CH, 7-Cl 
7-Cl(7) 


b. Carbon linked at position 4 


4-CH (C,H) CONH (CH,),N (C,H); 
(CH,),N (CH,)> 
f (CH;).N(C.H;)e 
4-0(C,H; (CN) (CH,),N (CH,)0(8) 
ee CONE. 2) (CHL yaN (CH). 
*” — (CONH,) (CH,),N(C,H;) 
4-CH (C.H;) COO (CH) .N(CsHs) > 


e. 4-mercaptoquinolines 


4-SCH,CONH (CH,).N (C.H;)2(9) 


4-8 (CHL), NC, H;)o 


4-SCH, ,c00(CH,) *N(CHs)s 
é CoH) 2(9) 


2 NC.H.O 
4-SCH(CH,)COO(CH,).N (C.H;). 
4-8(CH,),NHC,H, 

4-8(CH,) COO(CH,).N(C.H;)» 
4-§(CH,),COO(CH,),N (C.Hs)> 


7-Cl(9), 2-CH, 7-C1(9), 5-Cl1(9), 
3-CH, (9), 3,8-(CH,)o(9), 3-CH, 
8-OC.H, (9), 6-OCH,(9) 
7-Cl(4), 3-CH, 7-Cl(4) 
7-Cl(4) 
7-C1(9), 5-C1(9) 
H , 6-OCH, (9) 

5-Cl(9) 
7-C1(9) 

es) 

AP) 

(9) 


d. Oxygen linked at position 4 


4-OH 
4-OCH(CH,) (CH,),N (C,H;)» 
4-0(CH,).8(CHz),N (C,H;). 


3-CH,(6), 7-Cl 2-COOH(5) 
7-Cl(4) 
7-Cl 
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TABLE II (continued). 
oo S— oO ———?_—C_. 0OmaW™X™U"™™:,:_— s 


Compound 


Derivatives 


8-NH, 
8-NHCH(CH,) CH.NHC,H, 
8-NH(CH,)3N (C,Hy)> 


e. 8-amino quinolines 


6-OCH,(amichin ) 
6-OCH, 


pee (OLE) ONE 4 
8-NHCH(CHs) (CH.),NH. (primaquine), 4-CH, 6-OCH, 
a NHC,H, » — Gisopentaquine ) 
: N(C.H;). 6-OH 
8-NHi(CH.) NH, 6-OCH, 
”  (CH,),8(CH,)sN (OsH,)s ie 
(OH,),$(CH.).N (C.H,), 2G 
Si(CHE eI CC Ele). ie 
f. 2-mercapto quinolines 
2-S(CH.).N (C.H;).(4) 
7 (CHs),N (CLE) 4-CH,(4) 


g. Carbon linked at position 1 


1-CH,C,H,SO.NH, 


1-Br 


connection with an anti-malarial program, has 
not disclosed compounds with immediate ap- 
plication. 

Summary. 1. Ninety-three quinolines 
were tested against Streptococcus faecalis in 
the presence of limiting amounts of folic acid. 
Ten of the quinolines were toxic to the or- 
ganism when they were in the medium at con- 
centrations of 8.0 to 200 pg/ml. The toxicity 
of 3 of the 10 inhibitors could be abolished. 
The inhibition of N-(2-diethylaminoethyl) - 
(7-chloro-3-methylquinolyl-4) - mercaptoacet- 
amide was reversed by citrovorum factor, that 
of 7-chloro-4-(4-diethylaminobutylamino) -3- 
nitroquinoline was abolished by thymine, and 
that of N-2-diethylaminoethyl-6-methoxy-3- 
methylquinolyl - 4) - mercaptoacetamide was 
overcome by thymidine. The remaining 7 
were not studied further since their degree of 
inhibition did not compare sufficiently favor- 
ably with that of some of the better known 
anti-folics. 2. None of 5 anti-malarials ex- 
amined (chloroquine, hydroxychloroquine, 
sontoquine, primaquine, and isopentaquine) 
interfered with the utilization of folic acid. 
Thus, these differ metabolically from pyri- 
methamine which has been shown to be both 
an anti-folic and an anti-malarial. 
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Development of Spontaneous Hepatoma in Mice in Relation to Composition 
of Dietary Fat.*t (22123) 


OLEG JARDETZKY, MAurIcE B. VISSCHER, AND JOSEPH T. KING. 


Department of Physiology, University of Minnesota Medical School, Minneapolis. 


The development of spontaneous hepato- 
mas in C3;H mice has been shown to be en- 
hanced by an increased amount of fat in the 
diet(7,10). Very little, however, is known 
about the dependence of this tumor on the 
nature of the dietary fat, of the type demon- 
strated for the azodye induced hepatoma of 
the rat(8). In the present study an attempt 
has been made to find if groups of fat com- 
ponents, derived from the same source, but 
separated from each other by physical means 
and fed in equivalent amounts would exert a 
specific action on the development of the 
mouse hepatoma. 

Methods. Among several methods of fat 
fractionation(1-5) fractional crystallization 
from solvents(2,4) presents decisive advan- 
tages for nutritional studies. It does not sub- 
ject fat to chemical reactions, the exact out- 
come of which it is impossible to predict with- 
out precise knowledge of composition of the 
original fat. It does not involve addition of 
more than one chemical, which if properly 
chosen as to its boiling point can be quanti- 
tatively removed. Nor does it require heat- 
ing the fat to higher temperatures, as e.g., 
molecular distillation. The procedure adopted 
was as follows: One pound of hydrogenated 
vegetable fat (H.V.F.)+ was melted at 50°C, 
then dissolved in 2 lb of diethyl ether (Puri- 
fied ether reagent, Merck, glass containers). 
Ether was chosen as solvent, rather than ace- 
tone, because of its lower boiling point. The 
resulting mixture had a temperature of 35°C. 
The mixture was cooled for 30-40 minutes 
under constant mechanical stirring until a 
temperature of +15°C was reached. The 
precipitate formed was filtered by gravity at 
that temperature (Fraction I), filtration re- 


* Abstract in Proc. of Am. Assn. of Cancer Re- 
search, 1954, v1, 22. 

+ This work has been supported in part by grant 
from Minn. Division of the Amer. Cancer Soc. 

$+ H.V.F. = commercial Crisco. 


quiring about 20 minutes. E. & D. filter pa- 
per No. 615, size 33 was used. Precipitate 
was not washed, but the mother liquor was 
pressed out as far as possible. The filtrate 
was cooled further and precipitate formed at 
+5 (Fraction II), —5 (Fraction III) and 
—15° (Fraction IV) filtered off similarly. 
Cooling times required were approximately 
40, 50 and 180 minutes, respectively. Filtra- 
tion time was approximately the same for all 
fractions. The precipitate obtained at the 
last temperature constituted “Fraction V.” 
The residues were heated at low pressure until 
liquefied and remaining ether removed by 
vacuum distillation at the temperature of 
liquefaction. This required approximately 4 
hours. The filtrate at -15°C was similarly 
freed of ether at 35°-40°C. Crude fractions 
thus obtained were allowed to solidify and 
kept refrigerated until their incorporation 
into diets. Titer ranges were determined on 
aliquots of each fraction and are given in 
Table I. Total yields for each fraction were 
determined on each lot processed and were 
found to vary little from one processing to 
another. Average values are also given in 
Table I. No attempt has been made to de- 
termine exact composition of individual frac- 
tions. However, on the basis of extensive 
analyses of fractions obtained by similar 
methods reported by other workers it is be- 
lieved that fractions precipitating at higher 
temperatures contained a higher proportion 
of glycerides of long-chain, branched-chain 


TABLE I. Melting Ranges and Approximate Re- 
coveries of Hydrogenated Vegetable Fat Fractions. 


; Melting range 
Fraction (6 Recovery* (g) 
it 55-57 1380 
tii 44-49 1060 
MOE 37-41 1120 
IV 30-33 1640 
V 12-26 2000 


* Tnitial amount of material approx. 15000 g. 
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TABLE II. Incidence of Hepatomas. 
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ls WAIN, Ibehel Init Jae IDb IMI Ane iy Inte, We pe 
No. of tumor bearing mice 8 9 3 0 5 9 137 2004 
No. of mice bearing multiple i 3 il 0 il 1 3 
tumors 
Total No. of tumors 9 112) 4 0 6 12 20 
Size: <10 mm 4 6 0 0 2 8 12 
>10 mm 5 6 4 0) 4 4 8 


* By the x? method. 
H.V.F. = Hydrogenated vegetable fat. 


and saturated fatty acids and a smaller pro- 
portion of unsaponifiable matter. Composi- 
tion of diet into which fractions were incor- 
porated was as follows: casein 29%, glucose 
34%, yeast 8.2%, Jones Foster salt mixture 
4.1%, alfalfa leaf 4.1%, cod liver oil 2.1%, 
wheat germ oil 1%, neutral fat (lard, hydro- 
genated vegetable fat or one of the 5 frac- 
tions) 17.5%. The diet was made in batches 
sufficient to last for 3 months at a time. Frac- 
tionation was carried out each time a new 
batch of diet was required. Seven groups of 
20 male Cs;H mice each were used. Five 


were fed fractions of hydrogenated vegetable 
fat while 2 control groups received unfrac- 
tionated and untreated H.V.F. and lard, re- 
spectively. Animals were started on experi- 
mental diets at weaning (3 weeks of age, av- 
Members of the 


erage weight about 10 g). 


Grams 


3 6 9 12 15 18 2 oe 


Weaning 


FIG. 1. Weight curves of mice fed different fr 


eee eee VE ais 2 
TEL, 


lard, 


Fr. =- Fraction. 


same litter were distributed among as many 
groups as possible. Animals were kept 2 to 
a cage and weighed at weekly intervals. They 
were fed ad libitum from a common food cup, 
which was left in the cage for one week at a 
time. At all times they had access to water. 
All cages were placed in the same part of the 
room and room temperature did not vary 
more than 8°F from day to day. 

Results. The experiment was terminated 
after 54 weeks and autopsies performed on all 
animals. Table II gives the cumulative in- 
cidence of hepatomas up to that time. It 
also summarizes the occurrence of multiple 
tumors and the breakdown according to size. 
It can be seen that fractions of low melting 
point show a markedly greater incidence of 
hepatomas. Compared with fractions of high 
melting point there appears to be little corre- 


27 30 33 36 39 42 45 48 St 54 
Weeks on experiment 


actions of hydrogenated vegetable fat (H.V.F.). 
Fraction I, 
— —— Fraction IV, 


Fraction 


. 


+++-— Fraction IT, 
Fraction VY. 


—ee 
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lation between tumor incidence and tumor 
size. The occurrence of multiple tumors is 
sufficiently rare in all groups so as not to per- 


mit any conclusions as to the presence of dif-> 


ferences. 
The foregoing data strongly suggest that 
the nature of the dietary fat may have a sig- 


nificant bearing on the development of the | 


C;H mouse hepatoma. The effect observed 
here is similar to the one reported by Shear 
and Leiter(9), who fractionated lard by fil- 
tration at 38°C and found that the liquid 
fraction when used as a carrier for benzpy- 
rene gave rise to more tumors than the solid 
fraction. 

It still remains to be established however, 
whether the differences in the effects are due 
to qualitative peculiarities of the different 
fractions or to differences in the actual 
amounts of fat absorbed. No simple correla- 
tion between weight and tumor incidence is 
apparent from a comparison of the weight 
curves given in Fig. 1 and the data in 
Table II. This would suggest a qualitative, 
rather than a quantitative, difference, but the 
question as to the nature of the responsible 
factor remains open for the present. 

Summary. Five fractions of hydrogenated 
vegetable fat (commercial crisco) have been 
prepared by crystallization from ether at 
+15, +5, —5, and —15°C. When incor- 
porated in the standard diet at equivalent 


Collagenase Activity of Dog Pancreatic Juice. 


COLLAGENASE IN Doc PANCREATIC JUICE 


levels, fractions of low melting point, pre- 
sumably containing largely unsaturated and 
shorter-chain fatty acids as well as unsaponi- 
fiable matter, are found to give rise to a high 
proportion of hepatomas in C;H male mice, 
while fractions of high melting point give rise 
to but a few. The magnitude of the observed 
difference in incidence (p<.001) is believed 
sufficient to justify further studies on the na- 
ture of the responsible factors. 
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SIDNEY E. ZIFFREN AND Ropert T. Hoste. 


Department of Surgery, State University of Iowa College of Medicine, Iowa City. 


Pancreatic juice obtained from pancreatic 
fistulae artificially created in dogs produces 
striking digestion of collagen. This is not due 
to trypsin, chymotrypsin, or carboxypepti- 
dase. It is the purpose of the present work to 
describe these studies. 

Methods and materials. Adult mongrel 
dogs of both sexes were used. Under aseptic 
technic the abdomen of the anesthetized ani- 
mal was opened through a midline incision 


and the pancreas exposed. The accessory 
pancreatic duct was dissected free, ligated, 
and cut, following which the main duct was 
identified. After placing a ligature close to 
the point of its entrance into the duodenum, 
the duct was cannulated with a polyethylene 
tube whose lumen measured 1.14 mm in 
diameter; this was tied securely in place. The 
tube was then brought out through a separate 
stab incision, following which a Witzel jejun- 


COLLAGENASE IN Doc PANCREATIC JUICE 


ostomy was performed using a number 8 
French rubber catheter which was brought 
throygh another stab incision. The wound 
was then closed in layers and a sterile con- 
dom was tied to the polyethylene tube. The 
jejunostomy tube was then securely clamped 
and a dressing applied. Following recovery 
from the anesthetic, secretions started flowing 
in 12-24 hours from the polyethylene tube 
reaching a maximum of 20 ml per hour in 
36-48 hours. The animals could be kept 
alive for prolonged periods if the pancreatic 
secretions were returned through the jejunos- 
tomy tube. Otherwise they became dehy- 
drated, anorexic and lethargic and died with- 
in 7 to 8 days. The secretions tested were 
collected within the first 24-48 hours in each 
instance and were also tested for sterility by 
routine bacteriologic methods. These were 
free of bacterial growth. Collagen was pre- 
pared by the method of Buechler(1) using 
fresh beef achilles tendon instead of steer 
hide. 100 mg of prepared tendon was sus- 
pended in 2.0 ml of secretion from a pancre- 
atic fistula and incubated at 37°C for 5 
hours. The suspension was then filtered and 
the precipitate washed. The precipitate was 
then dissolved in 9.0 ml of 0.5 N HCl and 
autoclaved for 30 minutes at 15 lb pressure. 
The solution was then made up to 10.0 ml 
volume. Collagenase activity was measured 
by the quantitative assay of the hydroxypro- 
line in the residue as described by Neuman 
and Logan(2). Since hydroxyproline forms 
a constant fraction of collagen, this method 
if an accurate assessment of the amount of 
undigested collagen, permitting ready calcu- 
lation of the amount of collagen digested. 
Commercially available preparations* of tryp- 
sin, chymotrypsin, and carboxypeptidase were 
used. 0.1 M phosphate buffers at pH 7.0 
and 8.0 were used. 0.5 mg of each of the 
commercial enzymes were dissolved in 2.0 ml 
of buffer solution for testing the activity. 
Changes in collagen apparently occur at pH 


* Commercial preparations used: Trypsin prepara- 
tion no. 1: Tryptar, Armour Lab.; trypsin prepara- 
tion no. 2: Trypsin, Worthington Biochemical Co., 
2x crystallized Chymotrypsin, Worthington Bio- 
chemical Co.; Carboxypeptidase, 3x crystallized. 
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TABLE I. Percent Digestion of Collagen and Ca- 
sein by Pancreati¢ Juice and Trypsin. 


% collagen % casein 


digested digested 

Pancreatic juice Dog 1 52 0 
2 41.5 0) 

3 45 0 

Trypsin before INI@, I 16 96 
heating 2 13 92 
Trypsin after No. 1 0 85 
heating 2 0 79 


4.5 and below and will permit digestion by 
trypsin and vegetable cathepsins(3). These 
findings have been confirmed by us and are 
not included in this report. 

Results. Unbuffered pancreatic juice was 
used in the tests on collagen. The usual pH 
range was 8.2-8.6. The digestion of collagen 
by dog pancreatic juice varied. Dog No. 1 
digested 52.0%, No. 2 digested 41.5%, and 
dog No. 3, 45.0%. (Table I). Commercially 
prepared trypsin, both at pH 7 and 8 had 
slight collagen digesting ability. Preparation 
No. 1 digested 16.0% and preparation No. 2 
digested 13.0%. As pointed out by North- 
rop(4) and confirmed by us, heating to 95°C 
for 414 minutes, then cooling to 20°C has 
little effect on the proteolytic activity of tryp- 
sin, as determined by the method of Grob(5). 
However, such heating markedly alters its 
ability to digest collagen. Neither trypsin 
preparation digested any collagen after such 
heating (Table I). When pancreatic juice 
was heated in the same fashion all collagenase 
activity disappeared. The inactivated pan- 
creatic juice had no tryptic activity. Bac- 
terial collagenase prepared from Cl. histoly- 
ticum was heated to 95°C for 4% minutes 
then cooled, with complete loss of collagenase 
activity. Chymotrypsin and carboxypepti- 
dase did not digest collagen at pH 7.0 or 8.0. 
Duodenal content, extract of duodenal mu- 
cosa and bile had little effect on the col- 
lagenase activity of the pancreatic secretion. 
The activating substance, if any, for col- 
lagenase activity remains unidentified. 

Discussion. The marked collagenase ac- 
tivity of crude pancreatic juice was present in 
each of the dogs tested. This cannot be ac- 
counted for by the action of any of the pre- 
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viously described proteolytic enzymes of the 
pancreas for 3 reasons: 1. The degree of di- 
gestion is at least 3 times as great as that ob- 
tained from trypsin. 
destroy its collagen digesting ability, but not 
its proteolytic properties, reduces the amount 
of collagen digested to zero. 3. Pancreatic 
juice from a dog fistula which has not been 
activated by intestinal juice has no tryptic ac- 
tivity, nevertheless, it has marked collagenase 
activity. The inability of trypsin to digest 
any significant amount of collagen has also 
been reported by Neuman and Tytell(6). 
These findings suggest that collagenase 
must be considered in the pathogenesis of 
pancreatitis and other pancreatic diseases. 
Summary. Evidence has been presented to 


2. Heating trypsin to* 
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show that pancreatic juice of the dog has the 
ability to digest collagen. This ability is not 
due to the proteolytic enzymes of the pan- 
creas, trypsin, chymotrypsin, or carboxypep- 
tidase. 
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Effects of Thyroid Hormone and Propylthiouracil on Eruption Rate of 


Upper Incisor Teeth in Rats. 


(22125) 


LEONARD GARREN* AND Roy O. GREEP. 
Harvard School of Dental Medicine, Boston, Mass. 


Though the rat’s incisor teeth continue to 
erupt throughout life, they are kept to a 
fairly constant length by the process of attri- 
tion. The rate of eruption, that is, the linear 
quantity by which the incisor teeth extrude 
into the oral cavity in a unit of time, is sub- 
ject to alteration by hormonal action. Hos- 
kins(1) found that thyroid hormone caused 
the incisors of newborn rats to erupt earlier 
than those in untreated control rats. This 
observation was confirmed by Karnofsky and 
Cronkite(2). Herzberg(3) noted that thy- 
roid hormone caused an increase in the in- 
cisor eruption rate (I.E.R.) in adult rats; 
however, he offered no data to substantiate 
his claim. Baume, Becks and Evans(4) re- 
ported that ablation of the thyroid in adult 
rats produced a decrease in the I.E.R. In 
conformity with this view it seemed of in- 
terest therefore to extend these data by 1) 
quantitating the effect of thyroid hormone on 
the LE.R. of adult rats and 2) testing the 
effect of a thyroid blocking agent, propylthi- 


* Present address: Harvard Medical School. 


ouracil (PTU) on IE.R. The latter pro- 
cedure has the advantage that it leaves the 
parathyroid glands in a functional state. In 
many of the earlier studies the parathyroids 
were removed indiscriminately at the time of 
surgical thyroidectomy. 


Procedures. Twenty-three male white rats 
(Holtzman strain), 80 days of age, were 
treated as follows: 8 animals were fed 
ground rat chow containing 0.5% desiccated 
thyroid; 8 rats were fed processed chow con- 
taining 0.15% PTU and 7 animals, which 
served as untreated controls, were fed only 
ground rat chow. Four rats on PTU-feeding 
were shifted at the end of the fifth week to a 
diet of ground rat chow containing instead 
0.5% desiccated thyroid for an additional 2 
weeks. The I.E.R. of all animals was meas- 
ured according to the method of Schour(5) 
once each week during the course of the ex- 
perimental period. Dental roentgenograms of 
upper incisors of rats fed thyroid were taken 
after 2 weeks on the diet, and those of the 
animals receiving PTU were taken after 5 
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t T test performed for difference of I.E.R. of thyroid group from control group for Weeks I and II; P= <0.01—highly significant. 


* Stand. 


weeks of treatment..--These were compared 
with corresponding films of the controls at 
the respective times. 


Results. Feeding of desiccated thyroid 
(0.5%) admixed in ground chow caused a 
significant increase (P = <.01) in the I.E.R. 
after one week, and this rose to a maximum 
at 2 weeks when the I.E.R. was 30% above 
that manifested by the control animals 
(Table I). Thereafter the I.E.R. declined 
gradually despite continued thyroid feeding 
and by the fifth week had returned almost to 
the level of that of the controls. These thy- 
roid-fed animals manifested a severe weight 
loss, most of which occurred during the period 
of the second through the third week of treat- 
ment. From the second through the fifth 
weeks of the experiment 3 rats of this group 
died. There were no deaths in the other ex- 
perimental groups during this period. 

The inclusion of 0.15%-PTU in the diet 
produced a slowing of the I.E.R. which was 
significant by the second week and which 
continued to decrease until the fourth week 
when it reached a minimum of 48% of that 
observed in the control group. The I.E.R. 
did not decrease further even though PTU 
feeding was continued through the fifth week 
Gitiblen tie 

When desiccated thyroid 0.5% was sub- 
stituted in the diet of 4 of the above animals 
which had received PTU for the previous 5 
weeks, the I.E.R. increased within one week 
to 260% over that which these same animals 
had registered the previous week (Table IT). 
Thyroid feeding was continued for an addi- 
tional week and the increase in I.E.R. was 
maintained. 

The upper incisors of the animals treated 
with PTU for 5 weeks possessed an increased 
amount of dentine per unit area of incisor. 
(Fig. 1). This had occurred at the expense of 


TABLE II. Effect of Thyroid Hormone on I.E.R. 
of 4 Rats Previously Treated with PTU. 


Treatment 1.E.R. 


PTUS Ose 1m diet; mm during wk V, 1.0+.24 
wk I-V 

Thyroid, 0.5% in diet, VI, 3. 
wk VI & VIL WAU Bs 
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FIG. 1. Roentgenographs of incisors: 


the pulp chamber which was partially obliter- 
ated. Conversely the incisors of the thyroid- 
treated rats had large pulp chambers with a 
decreased amount of dentine by comparison 
with the films of control animals. It is to be 
noted that the roentgenograms were taken at 
the time when the maximum effects of the ex- 
perimental treatment on the I.E.R. were dem- 
onstrated, 7.e., the second week of desiccated 
thyroid- and the fifth week of PTU-feedings. 

Discussion. ‘These data confirm the state- 
ment of Hertzberg that thyroid hormone in- 
creases the I.E.R. in normal rats. The re- 
sponse was most marked during the first two 
weeks of treatment and thereafter subsiding 
toward normal. An explanation of this phe- 
nomenon may be that in the first 2 weeks the 
effects on eruption are those of increased thy- 
roid hormone action in healthy animals, 
whereas with continued thyroid treatment the 
toxic effects of the increased dosage, mani- 
fested by severe weight loss as well as the 
death of some of the treated animals, are 
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C—Control animal. P—After 5 wk propylthiouracil feed- 

ing showing an increased amount of dentine which partially obliterates pulp chamber. T—Two 

wk of thyroid feeding showing enlarged pulp chamber associated with decreased amount of den- 
tine per unit area of tooth. 


noted. That the effects of thyroid hormone 
administration are accumulative is well 
known. Although the eruption rate decreases 
from the peak reached in the first two weeks 
of treatment it does not return to the rate 
measured in the control animals. 

The increased size of the pulp chambers of 
the incisors of the thyroid-fed group is prob- 
ably due to the increase in the I.E.R. with 
no apparent change in the rate of dentino- 
genesis. There is therefore less time for 
dentine to be deposited per unit area of tooth 
with the result that there is less encroachment 
upon the pulp chamber. Conversely the roent- 
genograms of the upper incisors of animals 
given PTU demonstrate an obliteration of a 
large portion of the pulp chamber by dentine. 
A likely explanation here is that while the 
I.E.R. is decreased the rate of dentinogenesis 
is apparently not affected, hence the period 
during which dentine can be layed down per 
unit area of tooth is extended. This is also 
in agreement with the histological evidence 
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from the thyroidectomized animals of Baume 
et al.(A4). 

The increased sensitivity of the eruptive 
mechanism to thyroid hormone manifested by 
the PTU rats is probably due to the hypo- 
thyroid state of these animals and thus the 
end organs which are normally affected by 
this hormone become more reactive. 

PTU causes a chemical thyroidectomy and 
produces a retardation of the I.E.R. which 
confirms the work of Baume ef al.(4) in 
demonstrating a decreased eruption rate in 
the thyroidectomized adult rat. Since PTU 
does not affect the parathyroid gland, it is 
evident that the reduced I.E.R. can only be 
due to the lack of thyroid hormone. 

Conclusions. Thyroid hormone is essen- 
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tial for a normal rate of incisor eruption. An 
excess of this hormone will cause an increased 
eruption rate. The use of the incisor erup- 
tion rate as a tool for demonstrating hormonal 
activity should be considered. 
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Adaptation of poliomyelitis virusés to pas- 
sage in mice has been accomplished only with 
difficulty or after laboratory manipulation of 
newly isolated strains(1-7). Quantitative 
comparisons of the pathogenicity of polio- 
myelitis viruses in tissue culture and in ani- 
mals have usually been carried out with well 
adapted laboratory strains(8-11) or have 
been limited because of the necessary use of 
large numbers of monkeys(12). 

The purpose of this study is to compare 
the quantitative relationships of the ability 
of freshly isolated polio virus strains to cause 
cytopathogenic effect in monkey kidney epi- 
thelium in tissue culture and paralysis in mice. 
For this purpose a number of strains of each 
of the three types of polio virus isolated in 
tissue culture from stools of patients during a 
national survey in 1952 was available for this 
study (13). 

Materials and methods. ‘Ten percent sus- 
pensions of stools were prepared in a mortar 


* Laboratory of Infectious Diseases. 


with phosphate buffered saline containing 
2500 units of penicillin and 1250 pg of strep- 
tomycin per ml, clarified by centrifugation at 
8,000 r.p.m. for one-half hour, and the super- 
nates used as inocula. Primary isolations: 
were made in cultures of monkey kidney, 
either in flasks of suspended tissue fragments, 
according to the method of Weller, Enders, 
Robbins and Stoddard(14), with subsequent 
passage in roller tubes, or directly in mono- 
cellular layer roller tubes, prepared by the 
method of Youngner(15). Isolates were typed 
in roller tubes by neutralization with specific 
monkey antisera. All inoculations of mice and 
titrations in both mice and kidney roller tubes. 
were carried out on virus strains in the first or 
second tissue culture passage from the original 
stool. Groups of ten 4-5-week-old CFW mice 
were inoculated intraspinally (1.S.) with 0.02 
ml, and observed for 21 days. Type 2 isolates: 
were also inoculated intracerebrally (I.C.), 
in a dose of 0.03 ml, into 10 mice each, which 
were observed for 28 days. Wherever indi- 
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TABLE I. Results of Mouse Inoculation of Polio 
Strains in Ist or 2nd Monkey Kidney T.C. Passage. 


TIntraspinal Intracerebral 


ING NO o No. No. % » 
Type tested pos. pos. tested pos. pos. 
i D1 0) 0 et. —_ 
2 56 45 80 56 11 20 
Original 39 6 15 6* i Wy 
stools 
3 20 0 0 — = a 


* All 6 were positive by LS. inoculation. 


cated, tissue culture harvests were titrated by 
the I.S. route, using 10 mice for each serial 
10-fold dilution in saline. Fifty percent end- 
points were calculated by the method of Reed 
and Muench and the results expressed as titer 
per 1 ml of tissue culture supernatant. Paral- 
lel tissue culture titrations were performed in 
monocellular layer kidney roller tubes with 
Type 2 strains from the same tissue culture 
passage material used for inoculation of mice. 
Tenfold serial dilutions were made in Hanks’ 
balanced salt solution (without bicarbonate), 
and 0.1 ml inoculated into each of 2 tubes, 
which were observed for cytopathogenic effect 


for 7 days. Results are expressed as titer per 
1 ml of fluid. 
Results. Isolations in mice. A. Types 1 


and 3. Fifty-one Type 1 and 20 Type 3 iso- 
lates were inoculated into mice I.S. In view 
of the entirely negative results, as shown in 
Table I, I.C. inoculation of mice and titrations 
in tissue culture was not performed. B. Type 
2. Harvests from the first or second passage in 
kidney tissue culture of Type 2 viruses from 
56 patients produced paralysis in mice by the 
I.S. route in 45 instances (80%). (Table I) 
The average incubation period to paralysis of 
the first mouse in all groups receiving the un- 
diluted tissue culture virus was 3.8 days. 

These same 56 tissue culture passage fluids 
were also inoculated into mice by the I.C. 
route and only 11 (20%) were positive. Ten 
produced paralysis in only one or 2 mice out 
of 10, and one paralyzed all 10 mice inocu- 
lated. The average incubation period to first 
symptoms was 7.5 days (including one group 
in which the single positive mouse became 
paralyzed on the 27th day). 

Direct inoculation of stool suspensions into 
mice. Thirty-nine stool suspensions were 
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tested intraspinally. As shown in Table I, 

direct isolation of Type 2 strains was possible 
with 6 (15%), although no more than one or 
2 animals of 10 inoculated developed paral- | 
ysis. Virus concentration in the stool suspen- | 
sions was not determined by titration in tissue 
culture. 
ent between ease of isolation directly from the 
stools and the titer of first passage tissue cul- 
ture fluid either in mice or in tissue culture. | 
All positive isolations directly from stool were | 
from specimens which were also positive in 
mice after tissue culture passage. 
positive by the I.S. route, were tested intra- — 


cerebrally. One produced paralysis in a sin- | 


gle mouse. The identity of this isolate was | 
proved by specific neutralization with Type 2 
serum. 

Relationship between I.S. titer and I.C. re- 
sults in mice with Type 2 isolates. Table II 
shows a comparison of the I.S. and I.C. routes 
of inoculation. No fluid was positive by the 
latter which had not produced paralysis by the 
former. A correlation between I.S. titer and 
I.C. pathogenicity is suggested by the fact 
that all 8 samples with LS. titers greater than 
10+ were positive by the I.C. route, whereas 
only one of 18 with titers less than 10° was 
similarly positive. The one strain that para- 
lyzed all mice inoculated I.C. titered 10° 
by the I.S. route. 

Relationship between titers in tissue culture 
and I.S. in mice. In Table III the patho- 
genicity for monkey epithelium cells as indi- 
cated by titer in tissue culture and for the 
mouse spinal cord as evidenced by the LS. 
titer is compared. There appears to be no 
significant correlation between the two since 
at any level of pathogenicity for one system 
there is a wide spread of the titer end-points 


TABLE II. Relationship between I.S. Titer and 
I.C, Results with Type 2 Strains. 
LC. results 
LS. titer Positive Negative 

Sa 8 0 

3-4 i 9 

2-3 i 8 

2 1 17, 

0 0 ial 

Total 11 45 


_* Reciprocal of log titer/ml. 


However, no correlation was appar- | 


Six stools, || 
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TABLE III. Comparison of Tissue Culture and 
Mouse I.S. Titers with Type 2 Strains. 
a= L.S. titer —————_—_ 

eC. 2 

titer Neg. (undil.) 2-3 3-4 >4 Total 
ah 3 2 1 0 4 10 
oo 5 7 4 7 3 26 
5-6 2 7 2 3 1 15 
4-5 1 2 2 0 0 5 
otal 1 18 9 10 8 56 


All titers expressed as the reciprocal of the log 
titer/ml. 


by the other. Both first and second passage 
harvests from kidney roller tubes were tested 
in mice with ten strains. With 3, both were 
positive in high titer by the I.S. route. Of the 
remaining 7, 4 converted from negative to 
positive, but with low titers; 2 remained nega- 
tive. Again, no correlation between tissue cul- 
ture titer and the results in mice was demon- 
strable. 

Relationship of clinical type of disease in 
patient source of virus and pathogenicity of 
strains. There were insufficient numbers of 
Type 2 virus strains from non-paralytic(11) 
and minor illness(8) patients to allow any 
significant comparison of titer results between 
these groups and the larger group of paralytic 
cases. However, while there appeared to be 
ne difference in the tissue culture titers be- 
tween these 3 groups, the strains from minor 
illness patients tended to have lower patho- 
genicity for mice than those from paralytic 
and non-paralytic cases. 

Discussion. The entirely negative results 
obtained in the present study with 51 Type 1 
and 20 Type 3 strains confirm the fact that 
the mouse pathogenicity of these immunologic 
types is extremely low. 

Contrary to the difficulties encountered by 
earlier workers in adapting strains of Type 2 
polio virus to mice by the I.C. route, the pres- 
ent study demonstrates the ease with which 
this can be accomplished with recently iso- 
lated strains when mice are inoculated I.S. Of 
a total of 56 strains tested by both routes, 
20% were positive I.C., while 80% produced 
paralysis by the I.S. route. In a previous pub- 
lication, one of the authors(16) showed a dif- 
ference of approximately a log in titer between 
the two routes. In the present study all 
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strains with LS. titers_greater than 10+ per 
ml produced paralysis by the I.C. route, while 
only 8% of those with I.S. titers less than 10“ 
were similarly positive. 

That the high proportion of positive results 
reflects increased susceptibility of mice to I.S. 
inoculation, rather than increased concentra- 
tions of virus obtained in tissue culture, is 
brought out by the results of parallel titrations 
in the two systems. No correlation between 
tissue culture and mouse titer could be dem- 
onstrated. Four of five isolates in which the 
tissue culture titer was less than 10-° produced 
paralysis in mice. On the other hand, of 36 
fluids with tissue culture titers greater than 
10°, eight were entirely negative in mice. 

It is of some interest to note that direct pri- 
mary isolation was possible in mice with 6 of 
39 stool suspensions tested I.S., and that in 
one case, primary isolation was accomplished 
by the I.C. route. Five were obtained from 
paralytic cases, and one (that positive I.C.) 
from a non-paralytic case. 

Numbers of specimens available from dif- 
ferent classes of clinical disease were too small 
for significant comparisons, but the Type 2 
strains isolated from those with minor illness 
tended to be low in their pathogenicity for 
mice by the I.S. route. Further investigation 
of this relationship between severity of clinical 
disease and pathogenicity must await the 
availability of larger numbers of strains. 

Summary. Polio virus in tissue culture 
fluids from first or second passage in monkey 
kidney roller tubes was tested in mice. Fifty- 
one Type 1 and 20 Type 3 strains were en- 
tirely negative when inoculated I.S.  Forty- 
five of 56 Type 2 strains produced paralysis 
by the LS. route, and 11 by the LC, route, 
Those having the higher titers by I.S. route 
tended to be positive I.C. No correlation be- 
tween tissue culture titer and mouse L.S. titer 
was apparent. Six strains of Type 2 were iso- 
lated directly in mice from 39 stools tested. 
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Occurrence of Pantothenyl Cysteine in Natural Materials.* 
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Pantothenyl cysteine (PA-cysteine)t has 
been recognized as an early intermediate in 
the biosynthesis of coenzyme A (CoA) from 
pantothenic acid (PA). A liver enzyme can 
convert PA-cysteine to pantetheine (LBF) 
(1). PA-cysteine has been shown to be a 
precursor of LBF in Acetobacter suboxydans 
and it is strongly stimulatory to this organism 
(2,3). It is of interest to determine whether 
PA-cysteine occurs naturally. Because of the 
need for specificity and ability to determine 
materials in small quantities, a bioautographic 
method was developed to determine various 
conjugates occurring in natural materials. A 
strain of A. suboxydans 621 was used. This 
bacterium will grow on most known PA conju- 
gates, and is generally more sensitive to them 
than to free PA(2,4). 

Methods. A synthetic medium previously 
described(5) with 2% agar was used for the 


* Paper No. 17 in pantothenic acid studies. This 
work was supported by grants from the Nutrition 
Foundation, and Division of Grants and Fellowships, 
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t The following abbreviations will be used through- 
out this paper: pantothenic acid = PA; coenzyme 
A = CoA; pantetheine = Lactobacillus bulgaricus 
factor = LBF; pantetheine-y-phosphate = LBF-y- 
phosphate; pantothenyl cysteine = PA-cysteine. 
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bioautograph. The sterilized medium was |]j 
inoculated with a heavy culture of A. suboxy- 
dans at 40° and poured into a sterile container 
to a depth of 6-8 mm. This container con- 
sisted of a 19 x 50 cm glass plate, which rested 
within a stainless steel frame 15 mm high. 
After agar had solidified, a developed paper 
chromatogram of PA conjugates was sterilized 
by treatment with ether, and then spread on 
agar surface. After 10 minutes, the paper was 
peeled off, agar plate covered with a sterile 
19x50 cm glass plate and incubated at 30° 
for 24 hours. The top plate was then removed 
and agar surface sprayed lightly with a mix- 
ture of PA (10 y/ml) and yeast extract (100 
mg/ml). The glass plate was restored and 
the whole assembly again incubated at 30° for 
24 hours. Aseptic conditions were preserved 
throughout. The bioautograph was then ob- 
served against a background of diffuse light. 
The PA-yeast extract mixture was introduced 
because A. suboxydans otherwise grows very 
slowly under conditions employed. This mix- 
ture stimulated growth throughout the entire 
agar plate but it exerted its greatest effect in 
areas where growth had already been initiated, 
7.e., where prior contact had been made with 
the PA conjugates on the developed chromato- 
gram. A beef liver preparation was used as 
source of naturally occurring PA-cysteine. It 
was prepared as follows: 15 g of cold beef liver 
were ground in a Waring blendor with 50 ml 
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of ice water. This was poured into 50 ml of 
boiling water and the liquid decanted from 
the coagulated protein. Trichloroacetic acid 
was added to 1% concentration and the solu- 
tion centrifuged. This yellow liquid was then 
extracted with ether in a liquid-liquid extrac- 
tor, and the aqueous layer again centrifuged. 
The supernatant liquid was passed through a 
Dowex 1 column (2% cross linked), which 
had previously been charged with 3 M am- 
monium formate and washed with water. The 
column was eluted with formate buffer, pre- 
pared by adding 90% formic acid to 0.3 M 
ammonium formate to pH 3.5. The initial 20 
ml of eluate (which was presumably free of 
coenzyme A(6) as well as other phosphory- 
lated PA derivatives) was selected as the 
source of natural material used on paper 
chromatograms. Formate was eliminated by 
adding excess of HCI and concentrating eluate 
over KOH in vacuum desiccator. This eluate 
was reduced, first with Zn-HCl, then with HS 
at pH 7.5, to insure that all PA conjugates 
present were in the thiol form. About 20 pl 
of solution were then placed on Whatman No. 
1 paper and chromatographed by the ascend- 
pine technic.< 1 y7of PA, LBF, CoA, LBF- 
y-phosphate, and PA-cysteine each were used 
in 20 pl solution, to give zones of reference on 
chromatogram. To make sure that no reoxi- 
dation to the disulfide took place, some chro- 
matograms were run under a nitrogen at- 
mosphere. Results were identical to those 
obtained with chromatograms run in air. 

Results. This method is adequate for de- 
tection and identification of low concentra- 
tions of PA conjugates. PA, CoA, and PA- 
cysteine have been detected at 0.2 y. Since 
A. suboxydans did not grow on PA phosphates 
(7), it is not expected that this method will 
detect all possible conjugates of PA. 

Table I summarizes the Ry values of stand- 
ard conjugates and liver preparation in a 
number of solvent systems. Pyridine-water- 
isopropyl alcohol (1:1:1), phenol-water 
(4:1), or acetone-water-urea (59.7:39.8:0.5) 
proved to be good systems for distinguishing 
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TABLE I. Ry Values of Some PA Conjugates, De- 
termined by Bioautographie Technic. 


Solvent 
Pyridine- Acetone 
isopropyl 59.7%, 
Phenol- Butanol  aleohol- water 
water sat.with water 39.8%, 
Compound (4:1) HO (1:1:1) urea 0.5% 
PA-cysteine .48 sl 75 76 
PA 75 30 80 66 
CoA 20 0 16 
LBE-y-phos- .94 81 .96 46 
phate 
LBF 90 94 90 92 
Beef liver mle 0 80 70 
prepara-  .61 .29 73 63 
tion 50 60 54 


PA-cysteine from other conjugates tested. 
Two-dimensional chromatograms using these 
solvents disclosed three zones of PA activity. 
One of these corresponded to the free vitamin, 
another to PA-cysteine. The third zone did 
not consistently appear throughout the many 
experiments performed, and it may be present 
in a much lower concentration. Using butanol- 
water, it was not possible to resolve the liver 
preparation sufficiently to demonstrate PA- 
cysteine. 

Summary. A bioautographic technic has 
been described for the detection of PA conju- 
gates in natural materials. 0.2 y of PA, PA- 
cysteine and CoA can be detected. The oc- 
currence of PA-cysteine in beef liver is indi- 
cated by this method. 
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Vitamin K stimulates the liver in order to 
produce prothrombin. Insufficient amounts of 
vit. K produce insufficient amounts of pro- 
thrombin. From this arises one of the condi- 
tions for haemorrhagic diathesis. Vit. K is 
administered to prevent haemorrhagic diathe- 
sis following hypoprothrombinemia, after sur- 
gical intervention or, prophylactically, prior to 
operations. 

The other properties of vit. K and Synkavit 
(diphosphoracid-ester of 2-methyl-, 4-naphto- 
hydrochinon) which is pharmacologically 
identical with vit. K, have not yet been regis- 
tered. Vit. K possesses, however, a strong 
analgetic property which has been observed in 
patients(1) and experimentally proved in ani- 
mals(2). 

We investigated the analgetic property of 
vit. K on mice according to the Wolfe-Mac- 
Donald method(3), which deals with the reg- 
istration of thermoalgesia, as follows: 

A glass vessel with double walls between 
which there is water at a constant temperature 
of 122°F (50°C) serves for testing the sus- 
ceptibility of an animal to temperature. If 
the mouse is put into such a vessel, it will lick 
its paws after a certain time to mitigate the 
pain caused by the temperature at the bottom 
of the vessel. The time elapsing from the 
moment when the animal is put into the vessel 
to the moment of licking its paws is measured 
by chronometer. This period indicates the 
susceptibility of the animal to pain caused by 
warmth. 

The normal reaction of licking in a series 
of mice, an average of 9.9 sec. served as con- 
trol time. The mice were then given vit. K. 
We took measurements 4 times i.e. 30 sec., 
1% hr, 2% hr, and 3% hr following admin- 
istration of vit. K. The results are shown in 
Fig. 1. 

Vitamin K has a decidedly thermoanalgetic 
property, since the reaction to pain occurs 
much later than in the control mice. Whereas 


the reaction took place after 9.9 sec. in the 
control mice, the reaction in mice which were 
administered 2 mg/kg of weight of vit. K oc- 
curred after 17 sec. and in mice which were 
given 4 mg/kg of weight of vit. K after 16.3 
sec. Increase of the amount of vit. K does 
not promote the thermoanalgetic effect but 
lessens it slightly. 

To evaluate these results we investigated 
the thermoanalgetic effect of morphine by the 
same method. A series of mice were injected 
with 3 mg/kg of weight of morphine intraperi- 
toneally and another series with 6 mg/kg of 
weight. The results are given in Fig. 2. 

The results of the thermoanalgetic effect of 
vit. K in doses of 2 mg/kg of weight 
and 4 mg/kg of weight have _ been 
recorded. The thermoanalgetic effect of 
vit. K is even stronger than that of morphine. 
Although the maximal effect of morphine oc- 
curs immediately after administration the 
maximum with vit. K occurs toward the 
end of the experiment. The reason is the 
rapidity of resorption. Watery solution of 
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FIG. 2. Effect of Vit. K and morphine. 


morphine administered intraperitoneally is 
readily resorbed while the oil solution of vit. 
K administered orally is resorbed much 
slower. 

It is known that some substances may elicit 

the analgetic effect in such a way as to elicit 
directly or indirectly the mobilisation of corti- 
sone from the root of the suprarenal gland 
through the hypophysis(4,5). Hench(6) has 
proved that cortisone has a highly analgetic 
effect and Jakob(7) has shown that morphine 
owes its analgetic property to the fact that it 
may mobilize cortisone. We therefore inves- 
tigated whether vit. K can mobilize cortisone 
or some other hormone of the suprarenal 
gland. We have carried out the above de- 
scribed experiments on suprarenalectomised 
mice. The results are shown in Fig. 3. 
The thermoanalgetic property of vit. K must 
not be ascribed to its ability to mobilize con- 
siderable amounts of cortisone in the organ- 
ism since the suprarenalectomised mice 
showed the same reaction as normal mice. 
From these results we can conclude that the 
thermoanalgetic property of vit. K may be 
based on its depressive action either on the 
cortical or subcortical centres for pain. 

To confirm our supposition that vit. K acts 
on certain areas of the central nervous system 
in an inhibiting way, we have investigated 
the registration of mobility according to Ko- 
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sak’s method(8) on a series of mice which 
were administered vit. K. Kosak’s method 
seemed most satisfactory to us since it secures 
free movements and registers even the slight- 
est movemerts. The principle of the method 
is the following: 

The mouse is put into a vesel that is float- 
ing on water like a labile boat. All move- 
ments are transferred to the vessel and from 
the vessel recorded on a kymograph. From 
the frequency of the movements and the size 
of the registered curves we may deduce objec- 
tive conclusions on the excitement or immo- 
bility of the animal. The results of these ex- 
periments are shown in Figs. 4 and 5. Fig. 4 
shows the kymographic curve of the mouse 
which got 4 mg/kg of weight of vit. K and 
Fig. 5 shows the kymographic curve of a 
suprarenalectomised mouse given 4 mg/kg of 
weight of vit. K. From both figures the pro- 
nounced sedative and calming effect of vit. K 
is shown. 

We also investigated whether vit. K had an 
antagonistic property against shock provoked 
with pentazol and whether it had any influ- 
ence on the electroepileptic shock. 

In a control series the mice were adminis- 
tered 75 mg/kg of weight of pentazol intra- 
peritoneally. All mice displayed typical pro- 
nounced convulsions. In a second control se- 
ries the mice were given 100 mg/kg of weight 
of pentazol. All mice died shortly after. 
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FIG. 4. 


FIG. 5. 


Owing to these control results a series of mice 
were given first 4 mg/kg of weight of vit. K 
and later 75 mg/kg of weight of pentazol. A 
second series of mice were first given 4 mg/kg 
of weight of vit. K and then 100 mg/kg of 
weight of pentazol. Vit. K had no effect 
either on the convulsions or on the lethality. 

Finally we investigated whether vit. K had 
any influence on electroshock. The experi- 
ments showed that vit. K had no influence 
either on the intensity or on the duration of 
the electroshock. We have therefore con- 
cluded that vit. K has no depressive action on 
the motoric sphere of the brain or on the sub- 
cortical tonic centers. 

We tested the analgetic property of vit. K 
in 115 patients with inoperative carcinomas 
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or sarcomas with multiple metastases. All of 
them were given daily morphine and barbit- 
urates against intense pain prior to initial ad- 
ministration of vit. K. We stopped adminis- 
tering morphine and barbiturates and gave 
daily injections of 20-30 mg of vit. K. Full 
analgesia was produced in 95 patients 7.e. in 
75%. In the remaining 20 patients the anal- 
getic effect was either slighter or there was 
none at all. 

Conclusion. 1. Vit. K has shown a consid- 
erable thermoanalgetic effect that is also evi- 
dent in suprarenalectomised animals. This 
effect is stronger than the thermoanalgetic ef- 
fect of morphine. 2. Vit. K has shown a 
strong sedative effect not being due to the 
mobilisation of the hormones of the supra- 
renal glands. 3. Vit. K has no depressive 
property on the cortical or subcortical motor- 
centers. 4. In patients with inoperative car- 
cinomas and sarcomas with metastases and 
severe pains, vit. K showed such a pronounced 
analgetic property that we could cease admin- 
istration of morphine and barbiturates. The 
complete analgetic effect was obtained in 73% 
of cases. 
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Anticonvulsant Threshold of CO, in Oxygen under High Pressure. (22129) 


JOHN L. CHapin.* 


(Introduced by C. A. Maaske.) 


Department of Physiology, School of Medicine, University of Colorado, Denver. 


Taylor(1) found that addition of small 
amounts of CO. to the breathing mixture 
hastened the onset of convulsions under high 
oxygen pressure. Chapin(2) in determining 
COz, toxicity under OHP found no convulsions 
when mice were subjected to 304 mm Hg 


“TCO, and 2890 mm or 6080 mm POs. This 
disparity suggested that COs may enhance 
convulsions only in low concentrations. If 
this is true it should be possible to determine 
that tension at which COs becomes anti-con- 
vulsant. 


Method. A high pressure gas chamber with 
volume about 1.2 liters was constructed from 
heavy 4 inch pipe closed at one end. The 
other end contained a thick lucite window and 
screwed onto the nipple. A heavy rubber gas- 
ket sealed the chamber when tight. Two ports 
were fitted into the nipple to facilitate intro- 
duction and expulsion of gas. Test animals 
were placed in the chamber which was then 
closed and ventilated with the test gas. When 
air had been expelled, exit port was closed 
and pressure increased to desired value. 

Mice were exposed to gas mixtures con- 
taining 27, 61, 69, 97, 101, 120, 125, 132, and 
165 mm PCO. each in 3800 mm PO, Ex- 
posure time to onset of first convulsion was 
recorded in those cases where a full tonic con- 
vulsion occurred. 

Results. These experiments confirm the re- 
ported enhancement of onset of convulsions 
by low COs, but in addition shows that the 
time by which convulsions are hastened is 
about the same when the PCOs is between 27 
mm and 120 mm Hg. 

The tension at which only half of the mice 
convulse and the other half goes on to die 
without convulsion is about 120 mm PCOs. 
Table I shows the tabulated results of these 
experiments. 


* The author wishes to state his appreciation for 
the technical assistance of C. and N. Morris, E. Lap- 
pat, and I. Miller. 


TABLE I. Influence of CO, on OHP Convulsions 


and Convulsion Time. PO, = 3800. 
Min. expo- 
No. sure before 
ECOE No. used couvulsing convulsions 
0 15 15 21 (10-35) 
27 4 4 Si 1659) 
61 15 15 8 ( 6-11) 
97 3 3 12 (10-14) 
101 4 4 9 ( 8-11) 
120 10 5 9 ( 8-10) 
125 4 0 a 
132 4 0 — 
165 i) il 10 
Discussion. This study confirms Taylor’s 


(1) findings that: 1) Carbon dioxide hastens 
onset of OHP convulsions, 2) within certain 
limits tension of COs used to shorten convul- 
sion time, appears to be immaterial. 

It further appears that COs hastens onset 
of OHP convulsions in one range and inhibits 
them in another. The division between these 
ranges appears to be about 120 mm PCOs. 
This value falls slightly below that found by 
Chapin(4) to produce maximal ventilatory re- 
sponse in the hamster and may be related to 
CO, tension at which anesthetic effects are 
first manifested. 

Taylor did not mention failure to convulse 
in any of his 20 trials although he exposed one 
cat to 12.2% COs at 55 lb pressure. (He did 
not specify whether this is gauge or total pres- 
sure. Neither did he specify whether this was 
the pressure due to O2 and CO, together or Oz 
alone. If it is total pressure and due to both 
gases, the PCO. was 347 mm. If it is gauge 
pressure and due to both gases, the PCO. was 
439 mm.) This is well within the range for 
which CO, was found by this study to be anti- 
convulsant. 

Stein and Sonnenschein(3) contended that 
they were unable to confirm the potentiating 
action of CO. on OHP convulsions in cats 
even though they used COs as low as 1%. 
Their gauge pressure appears to have been 
either 75 or 90 lb. The PCO, at which they 
failed to get convulsions but only depression 
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may be calculated at 46 or 54 mm. This is 
far below the anti-convulsant threshold deter- 
mined in mice by this study. 


Summary. 1. A series of 68 mice was ex- 
posed to 5 atmospheres of oxygen in a small 
pressure chamber. Some of these received 
pure oxygen while others received mixtures of 
oxygen diluted with varying quantities of CO». 
All mice receiving only pure oxygen convulsed. 
All mice receiving less than 120 mm PCOg, in 
OHP convulsed. One half of the mice receiv- 
ing 120 mm PCO, in OHP convulsed. The 
other half went on to die without convulsions. 
Only one out of 17 mice receiving over 120 
mm PCO, convulsed. 2. Mice receiving oxy- 
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gen diluted with CO. convulsed sooner than 
mice receiving pure oxygen. Amount of 
shortening of convulsion time did not appear 


to be dependent upon amount of CO, diluting |} 


the oxygen as long as PCOz lay in the range | 
of 27-120 mm. Both of these findings confirm 
those of Taylor(1). The tension at which 
CO. becomes anticonvulsant appears to be 
about 120 mm. or about 16% of 1 atmosphere. 


1. Taylor, H. J., J. Physiol., 1949, v109, 272. 
2. Chapin, J. L., AF Tech Rep., in press. 1) 
3. Stein, S. M., and Sonnenschein, R. R., J. Avia- | 
tion Med., 1950, v21, 401. 
4. Chapin, J. L., Am. J. Physiol., 1954, v179, 146. | 
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Effects of Altitude, Acidosis, and Alkalosis upon Hypoxic Threshold.* 
(22130) 


Tuomas Petty, WILLIAM BARTLETT, AND JOHN L. CHAPIN. 
(Introduced by C. A. Maaske.) 


Department of Physiology, University of Colorado Medical Center, Denver. 


Hoff and Breckenridge(1) have contended 
since acclimatized subjects exhibit hyperven- 
tilation at all altitudes above sea level that in 
acclimatized breathing there is no anoxic 
threshold. Rahn and Otis(2) on the other 
hand suggest that the alveolar PCO, begins to 
fall (and the ventilation begins to rise) in all 


: ; P : 
residents of altitude when the “O. is lowered 
to about 100 mm Hg. 


This study was undertaken to determine 
whether there was or was not a hypoxic 
threshold for altitude dwellers, if so where it 
was, and whether it was the same no matter 
what altitude was represented. 

Method. Experiments were carried out on 
6 subjects, residents of Denver, Colo. (5300 
feet) and on 5 others, 4 of whom had spent 2 
months and one who had spent 1 month living 
on Mt. Evans, Colorado (14,150 feet). Sub- 
jects rested on a cot throughout experiment. 


* This study was supported in part by funds pro- 
vided under contract AF 18(600)-1257 with the 
USAF School of Aviation Medicine, Randolph Field, 
Texas. 


After a 10 minute period to bring them to a 
resting state they breathed a gas mixture con- 
taining 50% oxygen in nitrogen so the ventila- 
tion changes incident to breathing oxygen 
mixtures described by Chapin(3) would not 
be introduced into the critical phase of ex- 
periment. Following this phase subjects im- 
mediately switched to rebreathing from cali- 
brated Collins 13.5 L recording spirometer 


equipped with soda lime CO, absorber 
and initial gas mixture of 50% Os 
in Ny at Mt. Evans and 35% O5s 
in No at Denver. By this method 


inspired PO: was gradually reduced. Terminal 
gas (Scholander) analyses showed no COs in 
spirometer at end of experiment. Spirometer 
Oz was analysed each minute by pulling small} 
samples through a Beckman infrared oxygen | 
analyzer. The point at which ventilation be- 
gan to increase was taken as hypoxic thresh- 
old.t Since, in some respects, chronic NH,Cl 
ingestion simulates altitude acclimatization, 
we thought that testing the effect of NH,Cl on 
hypoxic threshold would be interesting. Five 
of the Denver subjects ingested 6 g of NH,Cl | 
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TABLE I. Hypoxic Thresholds in Various Situa- 
tions. 


Tracheal 


“OmaG 
hypoxic 
threshold No. of 
Situation (nm) Range subjects 

Mt. Evans 179 174 -182.5 6 
Acidosis at Denver 164 153 -185 5 
Normal at Denver 127 ikea ale} | 5 
Alkalosis at Denver 107 103.5-110 3 
Normal at sea level 93 


(Rahn and Otis) 


daily for 5 days, were tested as described 
above, and showed elevation in hypoxic 
threshold to 164 mm. Following this finding 
it was natural to test the effect of bicarbonate. 
This was done by 3 subjects who ingested 15- 
30 g NaHCOs per day for five days and ex- 
hibited an average hypoxic threshold drop to 
107 mm which is close to that exhibited by 
normal subjects acclimatized to sea level. 


Results. A definite threshold for Denver 


residents was found at about 127 mm On 
This suggests that most Denverites have slight 
hypoxic drives since average Denver tracheal 
air POs is about 122 mm. Mt. Evans resi- 
dents also exhibited thresholds but these aver- 


aged 179 mm mons Since sea level subjects 
are believed by many to reach the hypoxic 
threshold only when inspired oxygen falls to 
12 to 14%, there appears to be an orderly pro- 
gression of hypoxic threshold with altitude. 

Table I shows the mean hypoxic thresholds 
in each of 4 experimental situations together 
with the ranges and number of subjects. In 
addition a sea level figure from Rahn and Otis 
is included. 


Discussion. One might argue, since the 
hypoxic threshold varies directly with altitude, 
that it varies inversely with the PO. at which 
one is acclimatized. However, since NH,4Cl 
ingestion at Denver results in hyperventila- 


t Although it would be conventional where the 
threshold occurs at a higher O, tension to refer to it 
as a reduced hypoxic threshold (lower intensity of a 
liminal stimulus), we feel such usage would be more 
confusing than to refer to the threshold in terms 
of the oxygen tension at which it occurs. The above 
situation, therefore, would be called an increase in 
hypoxic threshold. 
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tion and slightly elevated 220) and at the 
same time increases the hypoxic threshold, this 
thesis would not appear to be tenable. It 
might be further argued that pH determines 
the threshold. However, since altitude ac- 
climatization probably results in slightly ele- 
vated pH while NH,Cl administration lowers 
pH somewhat and since they both elevate the 
hypoxic threshold, this thesis seems untenable. 
It seems more likely that the hypoxic thresh- 
old varies with the resting PCOsz level or some 


function thereof. *CO; is low in individuals 
acclimatized to altitude and in those in chronic 
NH,Cl acidosis. Both of these groups exhibit 
high thresholds. PCO, is higher in individuals 
acclimatized to sea level than in Denverites 
and it is also high in Denverites receiving bi- 
carbonate. Both of these groups show low 
hypoxic thresholds. 


Still further possibilities remain. Acclima- 
tization of the chemoreceptors to the bicar- 
bonate level of the arterial blood may govern 
the threshold. The chemoreceptors may be 
involved only indirectly and the level of their 
response to anoxia may be set by the PCO. 
or long term bicarbonate level of the respira- 
tory center. In some way the volume of ven- 
tilation, apart from COs level, might set the 
threshold. On the other hand, if it is COs or 
bicarbonate level to which one is acclimatized 
which determines the threshold for hypoxic 
response, this test might be a more sensitive 
measure of the extent of COs acclimatization 
than those we now have. 


Fig. 1 shows a plot of these points on a 
Fenn CO»,-O, diagram. Inspired tensions have 
been converted to probable alveolar values 
and alveolar hypoxic threshold CO, tensions 
have been calculated assuming a steady state 
and assuming that high oxygen depresses 
breathing in subjects acclimatized to altitude 
(3). A hypoxic threshold line has been drawn 
connecting the threshold values. This line 
confirms the suggestion that a resident of 
about four thousand feet would be living at 
his hypoxic threshold. However an alkalotic 
individual would be above and an acidotic 
individual would be below the threshold and 
the latter would be under some hypoxic ven- 
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drawn between probable hypoxic thresholds of resi- 
dents at sea level, Denver, Mt. Evans, and of Den- 
ver residents who are acidotie and alkalotic. 
Dashed lines indicate probable alveolar gas changes 
resulting from gradual decreases in alveolar oxy- 
gen tensions. When the threshold line is crossed, 


: : Pa 
breathing increases and CO, decreases. 


tilatory drive. 

Summary. 1. Inspired oxygen tensions which 
produce the first discernible increases in 
ventilation (hypoxic thresholds) were meas- 
ured in subjects acclimatized to Mt. Evans, 
Colo. (14,150 feet) and to Denver, Colo. 
(5300 feet). In addition thresholds were 
measured in subjects living in Denver who 
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were in chronic metabolic acidosis (NH4Cl) 


and in chronic metabolic alkalosis (NaHCO3). | 


2.Mt. Evans subjects showed an average 


‘threshold of 179 mm tracheal POs and those } 


at Denver 127 mm. Reports in the literature | 
pinpoint the threshold for sea level dwellers at 
about 93 mm. Furthermore the thresh- 
old for Denverites ingesting NH,Cl was 163 
mm and for those ingesting NaHCO; was 


107 mm. 3. Since NH,Cl changed Oe: and 
pH in the opposite direction from altitude but 
changed the hypoxic threshold in the same 
direction, these agents were ruled out as 
threshold governors. It was suggested that 
probably the hypoxic threshold is a function 
of either the resting PCO», or the bicarbonate 
level to which the individual had acclimatized. 
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Prevention and Treatment of Motion Sickness by Intranasal Medication. 


(22131) 


HERMAN I. CHINN, REED W. Hype,* AND LAWRENCE J. MILcu. 


Departments of Pharmacology and Biochemistry and Otorhinolaryngology, School of Aviation 
Medicine, USAF, Randolph Field, Texas. 


Rapid absorption of hyoscine hydrobromide 
(scopolamine) after intranasal instillation has 
recently been reported(1,2). This route of 
administration combines simplicity of self- 
medication with rapid drug absorption. It 
has the further advantage of circumventing 
the oral route when nausea, psychic factors, or 
lack of cooperation make swallowing difficult. 
This technic should be especially valuable in 
prevention and treatment of motion sickness. 
Its effectiveness against swing- and airsickness 
is the subject of this report. 


Experimental. Scopolamine Spray and 
Swing Sickness. Healthy, male adults ranging 
in age from 17 to 24 years (average 19 years) 
were used as subjects. The experimental group 
were given varying amounts of scopolamine in 
each nostril by a plastic spray bottlet and the 
remainder were given saline in a similar man- 
ner. Exact amount of fluid instilled was de- 
termined by loss in weight of spray bottle. 
Thirty minutes after spraying, the subject was 
placed in the carriage of a motor-driven swing 
and swung through an arc of 120° for 20 min- 


* Present address: Royal Victoria Hospital, Mont- 
real, Canada. 


+ We acknowledge a generous supply by the Doho 
Chemical Corp. 
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utes, unless vomiting occurred earlier. Radius 
of swing was 14 feet and frequency of swing- 
ings 14 per minute. Data on occurrence of 
side effects was obtained from questionnaires 
distributed upon completion of swinging. Sco- 
polamine was dissolved in 0.9% NaCl solution 
immediately before use. Originally, it was 
planned to spray approximately 0.3 mg of 
scopolamine into each nostril. Therefore, a 
solution containing 3 mg/ml was prepared and 
approximately 0.1 ml sprayed into each nos- 
tril. The volume sprayed varied considerably 
and an occasional subject received 1 to 1.5 mg 
of scopolamine. Dosage level was, therefore, 
reduced to 2 mg/ml to provide a greater mar- 
gin of safety. As evident from Table I sig- 
nificant protection was afforded although the 
average dose was only 0.43 mg (o = 0.22) 
compared with 0.65 mg to 1 mg ordinarily 
given by mouth. At this dose level, the only 
side effects markedly increased were those of 
dizziness, which rose from 23% to over 45%, 
and dry mouth which was more than twice 
that of control group. There was no signifi- 
cant increase of drowsiness or blurred vision. 
Other side effects such as headache, fatigue, 
nervousness, and sweating were uniformly less 
than the incidence among the control group. 
The high percentage of mild dizziness after 
scopolamine (despite the relatively small dose 
administered) was disturbing. Therefore, to 
increase further the margin of safety, scopol- 
amine was prepared in a concentration of 1 
mg/ml and administered as before. With this 
solution, an average dose of 0.26 mg (o = 
0.14) of scopolamine was sprayed. The num- 
ber vomiting was slightly less than in the con- 
trol group but the difference was not statis- 
tically significant. Since the detergent sodium 
lauryl sulfate (Duponal C) increased the ab- 
sorption of scopolamine in a nasal spray(1) it 
was added (0.01%) to the saline solution 
(0.9%) containing 1 mg/ml of scopolamine. 
As is evident from Table I this preparation 
sharply decreased the incidence of vomiting 
from 15.3 to 5.9%. Incidence of dry mouth 
was greater than normal, but no other sig- 
nificant increases in side effects were appar- 
ent. Incidence of headaches, sweating, and 
fatigue was reduced. The average dose of 
scopolamine administered was 0.31 mg (¢ = 
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TABLE I. Effectiveness of Scopolamine against 
Swing-Sickness when Administered as Nasal Spray. 
Avg Protec- 
No.of dose, Vomit, tion,t 
subjects mg % Jo 
Saline control 47 14.9 71.8 
2 mg St 47 43 PACK ae a 
Saline control 94 13.8 03.9 
lmgS 94 .26 10.6 ar 
Saline-Duponalcon- 85 15.3 
trol 61.5 
ImgS (0.9%)—Du- 85 ol 5.9* 


ponal (0.01%) sol. 


IP SUI) 
Yo of vomiting placebo—% of vomit. medication 


% of vomiting placebo 
¢t S = Scopolamine/ml in saline. 


0.12). This was slightly higher than the 
amount sprayed when Duponal was not em- 
ployed at the 1-mg dose level. 

Scopolamine Spray and Airsickness. The 
effectiveness of intranasal administration in 
preventing swing sickness suggested that it be 
tried therapeutically as well. For this pur- 
pose, our subjects were exposed to an hour’s 
flight of standardized turbulence in C-47 
(DC-3-type) aircraft. Procedure was the 
same as previously reported(3) in which the 
route, altitude, and maneuvers were standard- 
ized as rigidly as possible to insure reproduc- 
ible flights. Originally, the subjects were 
given the plastic spray bottles containing 
either control saline-Duponal solution or 
freshly prepared scopolamine (2 mg/ml) in 
this solution. Each person was instructed to 
use the spray as soon as he felt nauseated. It 
rapidly became apparent, that the subjects 
were reluctant to medicate themselves since to 
do so constituted an admission of nausea. 
Consequently, very few utilized the medica- 
tion despite obvious distress and subsequent 
vomiting in many cases. To obviate this dif- 
ficulty, observers sprayed each subject intra- 
nasally 15 minutes after take-off. This time 
was chosen since in scores of previous flights 
vomiting rarely occurred earlier, although 
vasomotor disturbances and nausea were al- 
ready evident. The spray bottles were 
weighed before and after use to determine the 
quantity lost. The subjects were observed for 
remainder of test period and the incidence of 
side effects was obtained by questionnaire, as 
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TABLE II. Therapeutic Effeetiveness of Nasal 
Administration of Scopolamine.* 


Dose of No.of Vomit, Protee- 
scopolamine subjeets % Ie tion, % 
0 (saline) { 79 44.3 — — 
0x(ge= 0 DONE 79 22.6 01 48.6 
0 (saline) \ 89 28.1 = a 
28 90 17.8 .10-.20 36.6 
44 90 15.6 05 44.5 
68 90) 10.0 <.01 65.0 

* Administered 15 min. after take-off. 


+t Saline vs medication. 
t Nasal spray. 
§ Nose drops. 


already described. The results are summar- 
ized in Table II. As can be seen, the sco- 
polamine spray significantly reduced the in- 
cidence of vomiting. Since medication was 
not administered until 15 minutes after flight 
had begun and the average time of vomiting 
was 30 to 35 minutes, it is apparent that ab- 
sorption and action of scopolamine by this 
route is extremely rapid. The incidence of 
blurred vision, drowsiness, and dry mouth was 
increased in the medicated group, although not 
to the significant level. Sweating was signifi- 
cantly reduced (P = 0.01) among those re- 
ceiving scopolamine. 

Scopolamine Nose Drops and Airsickness. 
Despite careful selection of the spray bottles 
and indoctrination in their use, the variation 
in amount of drug given was surprisingly 
great, ranging from less than 0.10 mg to more 
than 1.5 mg (o =0.50). To obtain more 
exact dosage response data, the experiment 
was repeated utilizing nose drops rather than 
the spray. Again, 15 minutes after take-off, 
0.2 ml of solution was instilled into each nos- 
tril. Varying quantities of scopolamine were 
dissolved in 0.9% NaCl containing 0.01% 
Duponal so that total dose administered 
was 0.2, 0.4, or 0.6 mg, respectively. A con- 
trol group received the Duponal-saline solu- 
tion alone. The results are given in Table IT. 
Marked protection was afforded by 0.4 and 
0.6 mg of scopolamine and apparently some 
protection even by 0.2 mg. Significant side 
effects were confined to blurred vision, dry 
mouth, and sweating. No changes were ob- 
served with 0.2 mg of scopolamine, except for 
a decrease in incidence of sweating. At the 
0.4 mg level, blurred vision was reported, and 
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with 0.6 mg all 3 side effects were accentu- 
ated. A slight, but nonsignificant, increase in 
drowsiness was also reported. 

Effectiveness of Scopolamine by Various 
Routes Against Airsickness. Another prac- 
tical means for self-administration of drugs is 
by the sublingual route. Many drugs have 
been given in this fashion and absorption is 
known to be rapid. It was of interest, there- 
fore, to compare effectiveness of scopolamine 
by this route with that after intranasal instil- 
lation. Volunteers were again subjected to a 
period of standardized turbulence in military 
aircraft before receiving medication. Eight- 
een minutes after take-off, subjects received a 
placebo capsule taken by mouth, or 0.65 mg 
of scopolamine by mouth, or as sublingual 
tablet. Two minutes later, a fourth group re- 
ceived the same amount of scopolamine in the 
saline-Duponal solution as nose drops. The 
2-minute interval permitted dissolution of the 
sublingual tablet. Regular 0.01 grain hypo- 
dermic tablets were used for this purpose. 
These small tablets were placed under the 
tongue and the subject cautioned not to swal- 
low. They were found to dissolve well within 
the 2-minute period. Exposure time prior to 
medication was lengthened (20 vs. 15 min) 
over that in earlier trials to provide a more 
rigorous test for the drug. As before, scopol- 
amine nose drops markedly lowered the inci- 
dence of vomiting (Table III), whereas the 
drug was completely ineffective when given 
orally or sublingually. The rapidity of its 
absorption through the nasal mucosa is also 
reflected by side effects recorded in Table IV. 
Nose drops produced highly significant in- 
creases (P — 0.01) in dizziness, drowsiness, 
and dry mouth, as well as a significant de- 
crease in incidence of headaches. The only 
other significant change from the control 
group was a moderate increase (P = 0.05) in 


TABLE III. Route of Administration on Effective- 
ness against Airsickness. 
Co — ZZ OO 


Dose, No.of No.of Vomit, 
mg Route subjects vomit % 
Placebo — Oral 84 29 34.5 
Scopola-  .65 as 85 30 35.3 
mine 65 Sublingual 82 26 31.8 
65 Intranasal 82 13 15.9 
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TABLE IV. Side Effects of Scopolamine by Var- 
ious Routes. 


Dose, Dry 
mg Route Dizzy Drowsy mouth Headache 
Ja 

0 Oral 16.5 41.2 9.4 22.4 
Ae 23.5 47.1 12.9 16.5 
65 Sublingual 22.4 40.0 20.0* 18.8 
65 Intranasal 45.91 69.4t 47.1+ 8.2t 
*P = 05. +P=.01 : 


dry mouth among those receiving scopolamine 
sublingually. 


Discussion. It is apparent from these re- 
sults that intranasal medication is feasible in 
the prevention and treatment of motion sick- 
ness. The rapid action of scopolamine by 
this route was the most striking feature. In 
the aircraft, vomiting was largely prevented 
despite the short period available for its ac- 
tion on an already nauseated individual. Since 
the drug was not given until 15-20 minutes 
after take-off and the test period was only 60 
minutes, a maximum period of 40-45 minutes 
was available for absorption and action. As 
expected because of the short period allowed 
for absorption, scopolamine by mouth was 
completely ineffective. Ineffectiveness by 
sublingual route indicates that absorption 
here, too, is slower than from the nasal mu- 
cosa. 

Administration as a spray would seem the 
simplest technic for intranasal instillation. 
The marked variation in the quantities nebu- 
lized, however, makes this procedure unre- 
liable at present. Small, disposable spray bot- 
tles holding only a single dose would obviate 
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this difficulty, if their production is feasible. 
For the present, nose drops, although slightly 
more difficult to administer are preferable 
since their dose can be more accurately con- 
trolled. 

Summary. Scopolamine in small doses 
(0.3-0.4 mg) given intranasally by spray 30 
minutes prior to exposure, exerted significant 
protection against swing sickness. During 
actual flight testing, addition of a surface 
active agent (sodium lauryl sulfate-Duponal 
C) increased its effectiveness. Nasal instilla- 
tion to subjects 15-20 minutes after take-off 
sharply reduced the incidence of vomiting 
from airsickness during subsequent 40-45 
minutes. Oral and sublingual administration 
under these conditions were ineffective. Con- 
siderable variations in the drug instilled re- 
sulted when given by spray. The use of nose 
drops allowed more accurate medication. The 
significance of this mode of administration for 
treating motion sickness is discussed. 


The invaluable assistance of Major H. J. Garza, 
Capt. W. L. Simpson, J. E. Hammer, A. P. Thiesen, 
and S/Sgt. E. C. Stevens of the Flight Section, 
School of Aviation Medicine, USAF, in providing a 
standardized flight for these studies is gratefully 
acknowledged. 
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Changes in Adrenal Medulla Following Treatment with an ACTH- 


Preparation Containing Carboxymethylcellulose.* 


(22132) 


HANS SELYE. 


Institute de Médecine et de Chirurgie expérimentales, Université de Montréal, Canada. 


Several investigators believed to have 
produced changes in the adrenal medulla by 
treatment with certain pituitary preparations. 
It was thought, for instance, that injections 
(1) or even oral administration(2) of a spe- 
cial ‘“‘medullotrophic hormone,” as well as 
parenteral administration of purified somato- 
trophic hormone(3), can stimulate growth of 
the chromaffin-cells in adrenals of laboratory 
rodents. However, none of these changes can 
be regularly reproduced and definite proof is 
lacking that any pituitary-preparation exerts 
a specific effect upon the function or structure 
of medullary cells. The generally recognized 
adrenotrophic hormone of the pituitary is 
called ‘‘adrenocorticotrophic” precisely be- 
cause of its selective effect upon the cortex. 
We have long been searching for possible 
medullotrophic actions of ACTH-preparations. 
We were never able to demonstrate any such 
effects however, excepting the dilatation of 
the medullary blood-vessels and a suggestion 
of hypertrophy in the chromaffin-cells, which 
were thought to be merely secondary results 
of the increased blood-flow and the consequent 
improvement in the nutritional status of the 
gland as a whole. On the other hand, recently, 
using the PAS-technic(4), we quite regularly 
observed definite changes in the adrenal 
medulla of rats treated for various purposes 
with certain “long-acting”? ACTH-prepara- 
tions.(5). To illustrate the histologic char- 
acteristics of these changes it will suffice to 
present one such experiment here, since the 
results were uniformly the same whenever 20 
1.U. per day or more was given to rats during 
2 weeks or more. 

Experimental. In a typical experiment, 20 
I.U. of “Duracton” (Nordic Biochemicals 
Ltd., Montreal) was given subcutaneously, 
twice daily, to 10 female Sprague-Dawley 
rats having an average initial body-weight of 


* Supported by a grant from the Gustavus and 
Louise Pfeiffer Research Foundation. 


100 g. This ACTH-preparation contains 24 
I.U./mg, and is made available with carboxy- 
methylcellulose (added as a retarding agent) 
in an aqueous solution containing 20 I.U./ml. 
This treatment inhibited growth, so that the 
treated animals gained only an average of 
14 g, while a group of 10 normal control rats 
gained an average of 42 g during the period of 
observation. All animals were killed after 14 
days, at which time the mean adrenal-weight 
was 42 mg (range 37-47) in the controls and 
92.5 mg (range 90-104) in the ACTH-treated 
animals. Immediately after autopsy the 
adrenals were fixed in susa-mixture, embedded 
in paraffin and stained with hematoxylin- 
eosin. 


The slides again gave the impression that 
only the cortex participates in the pronounced 
adrenal enlargement. The individual medul- 
lary cells were not conspicuously hyperplastic, 
although the medullary vessels were markedly 
dilated. However, slides subsequently stained 
with the PAS-method revealed numerous rust- 
colored darker cell-elements throughout the 
medulla. Some of these cells are elongated or 
roundish, while others have a typical epitheli- 
oid appearance and resemble the adjacent 
chromaffin-cells. Occasional _ rust-colored 
granules were also seen in the cortical cells, 
especially in the ectopic cell-nests within the 
medulla, as well as in the cells of the glome- 
rulosa and reticularis layers. Some of the 
reticulo-endothelial cells, which line the corti- 
cal sinusoids, likewise contain such granules 
(Fig. 1). 

The general appearance of many among 
these cells is reminiscent of mast-cells. We 
have therefore stained additional sections of 
these adrenals with such selective mast-cell 
dyes as neutral red, acridine yellow, toluidine 
blue and Unna’s mixture. The many granules 
in the mastocytoid cells of the medulla, as 
well as the individual granules within the 
cortical cells, stained uniformly, like mast- 
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FIG. 1. A. Inner cortex (left) and medulla, under low magnification, in an untreated control 
rat. B. Same region in an ACTH (‘‘Duracton’’) treated rat. Black mastocytoid elements are 
distributed throughout the chromaffin-tissue of the medulla. The medullary veins are greatly 
dilated. ©. High magnification of a cell-region from the fasciculata of an ACTH (‘‘ Durac- 
ton’’) treated rat. Note individual small black granules (which stain like mast-cell granules) 
in the cortical cells. Their size is usually approximately that of a nucleolus and only a few 
such granules tend to appear within any one cortical cell. D. Three fields from the medulla 
shown in ‘‘B.’’ Note various types of mastocytoid elements, some of which are epithelioid, 
some spindle-shaped and some rounded. All the sections in this plate were stained with the 
PAS-stain, which lends itself particularly well for black-and-white photography. 
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cells (selectively, but orthochromatically, with 
neutral red and acridine yellow, metachro- 
matically with Unna’s mixture and toluidine 
blue). 
properties was also found in the blood of the 
adrenal venules; here it usually adhered to 
erythrocytes. 

A comparison with typical mast-cells was 
then made by staining sections of the thymus 
of the same animals on the same slide with 
their adrenals. It was found that the ordinary 
mast-cells of the connective tissue in the thy- 
mus are smaller, their shape is more regularly 
ovoid and they contain much smaller and 
more intensely staining granules than the 
medullary mastocytoid elements. 


Discussion. On the basis of the evidence 
available to us, it is impossible to advance any 
hypothesis concerning the possible histo- 
genesis or function of the mastocytoid cells. 
It should be pointed out however that, after 
treatment with ACTH-preparations without 
added carboxymethylcellulose, we have not 
observed any such mastocytoid elements in 
the medulla, nor metachromatic granulations 
in the cortical cells. On the other hand, con- 
trol experiments with the carboxymethylcel- 


Some material with similar staining 
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lulose-containing solvent alone, gave positive 
results. Presumably, the mastocytoid ele- 
ments in the adrenal medulla are due to inges- 
tion by histiocytes of metachromatically stain- 
ing carboxymethylcellulose granules. 
Summary. Observations on rats indicate 
that treatment-with large doses of an ACTH- 
preparation, to which carboxymethylcellulose 
was added as a retarding agent, results in the 
development of mast-cell-like elements within 
the adrenal medulla. At the same time, in 
some cortical cells and in adrenal-vein blood, 
occasional granules appear, which give the 
characteristic staining reactions of mast-cell 
granules. Carboxymethylcellulose - solutions 
containing no ACTH produce similar changes. 
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Memorial Foundation for Study of Crippling Disease, Harvard Medical School, Boston, Mass. 


Isolation of L-type cultures from 2 strains 
of alpha-hemolytic streptococci was described 
in 1953(1). Many attempts at isolation of 


* The expenses of this investigation have been de- 
frayed in part by grants from the Commonwealth 
Fund and the U. S. Public Health Service. 

+ This is publication No. 188 of the Robert W. 
Lovett Memorial Foundation for the Study of Crip- 
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¢ Clinical and Research Fellow in Medicine, Mass. 
General Hospital, and Research Fellow, Harvard 
Medical School, under a stipend from Netherlands 
Organization for Pure Research (Z.W.O.). Present 
address: Department of Rheumatology, University 
Hospital, Leyden, Netherlands. 


these forms from alpha-hemolytic streptococci 
in previous years had been unsuccessful. This 
paper contains the description of two methods 
which permit with some regularity the finding 
of strains of alpha-hemolytic streptococci 
which produce L forms. Data are also pre- 
sented concerning the occurrence of such 
strains in humans and observations on a pleo- 
morphic strain of alpha-hemolytic streptococ- 
cus which produced L forms spontaneously 
without the influence of penicillin. 


After the characteristic appearance of L 
colonies of alpha-hemolytic streptococci and 
the conditions under which they grow became 
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known, specimens from the human mouth, 
urethra and vagina were cultivated on appro- 
priate plates. Bacterial growth was inhibited 
in apart of the plate by penicillin. In cul- 
tures made from the mouth, colonies of 
pleuropneumonia-like organisms usually de- 
veloped on the inhibited areas and among 
these occasionally were found much larger 
colonies which corresponded in appearance to 
L-type colonies of streptococci. In 3 out of 
approximately 80 cultures examined, it was 
possible to subculture these large L-type col- 
onies. They were first subcultured on penicil- 
lin plates. When the cultures were allowed 
to age in the absence of penicillin, alpha- 
hemolytic streptococci appeared in all. Each 
of these streptococcus cultures produced L- 
type growth on exposure to penicillin and evi- 
dently originated from the reversion of the 
L forms. The development of L-type colonies 
corresponding to those of streptococci was not 
observed in cultures made from the urethra or 
vagina although streptococcus colonies often 
developed abundantly on the plates. 

These observations were made on the usual 
horse serum medium containing 0.5% NaCl. 
After it was observed that on plates contain- 
ing a high concentration of NaCl or some 
other electrolytes many beta-hemolytic strep- 
tococci produced L forms(2,3) it seemed of 
interest to examine the behavior of alpha- 
hemolytic streptococci on such media. 

Preliminary experiments were made by 
planting tooth scrapings and throat swabs on 
horse serum agar containing 3% NaCl and 
exposing part of each plate to penicillin. The 
development of L colonies of streptococci was 
observed only rarely on these plates. In a 
more systematic study made with throat 
swabs, a mixture of many colonies of alpha- 
hemolytic streptococci from a blood agar plate 
was inoculated on another plate to check the 
purity of the culture. From this culture large 
inocula were transferred to broth and the 
test plates were then heavily seeded with this 
broth culture. In this way each test plate re- 
ceived an inoculum originating from a num- 
ber of colonies found in the same specimen. 
This procedure was adopted because trials 
with the descendants of single colonies had 
remained negative. An increased NaCl con- 
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tent of the media only rarely favored the de- 
velopment of L-type-colonies. However, an 
increase in the phosphate content either of 
the sodium or potassium salt, had a marked 
effect. Abundant development of L-type col- 
onies was observed with concentrations of 
phosphate between 0.2 and 0.4 M. Only one 
strain gave a slight growth of L forms with 
0.1 M. Concentrations higher than 0.4 M 
were not tested. Ten out of 40 of such mixed 
cultures produced L forms on the phosphate 
plates. Two of the 40 produced L-type col- 
onies with high concentrations of NaCl also, 
but less abundantly than with the phosphate. 
The influence of the phosphates was not due 
to differences in pH as the pH was the same 
in the chloride and phosphate plates. None of 
these 40 cultures produced L-type colonies 
without an increased salt concentration. 

Subculture of these L forms was successful 
only on plates with an increased phosphate 
content indicating that the high concentration 
of phosphate ions was important for their 
growth. The transformation of the cocci into 
the L forms was probably induced by the peni- 
cillin, just as on the regular media. In the 
case of the strains of alpha-hemolytic strep- 
tococci which produced L-type colonies on the 
usual horse serum media, a high phosphate 
concentration in the medium neither enhanced 
the transformation of such strains into L 
forms nor was necessary for the subculture of 
the L forms. 

On the basis of these observations the fol- 
lowing procedure can be recommended to ob- 
tain L-type cultures of alpha-hemolytic strep- 
tococci. Plates are made using a tryptic di- 
gest of beef heart or beef heart infusion as 
base, 1.3% agar, and 10% horse serum in- 
activated at 56°C for 30 minutes. Three ml 
of a mixture of 20% NasHPO, and 1.4% 
KH»PO, is added to 15 ml of the medium. 
The plates are heavily inoculated as described 
above. The plates are incubated for 2 hours 
to allow multiplication of the cocci and then 
about 1000 units of penicillin are deposited 
in a small trough cut in the agar. The plates 
are incubated at 36°C for 4 to 5 days under 
anaerobic conditions using the Fortner bio- 
logical method. The behavior of the cultures 
was consistent. Six strains which originally 
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produced L forms continued to produce such 
forms in 4 to 13 subcultures when the trans- 
fers were made with heavy inocula. Three to 
five subcultures of seven strains, which orig- 
inally did not produce L forms, did not yield 
this type of growth. The use of an agar base 
of different composition did not increase the 
percentage of positive strains. 

The observations described indicate that 
approximately one out of 4 humans harbors in 
his mouth alpha-hemolytic streptococci which, 
under the conditions employed, produce L- 
type colonies. Further study has shown that 
only a few of the single colonies in the throat 
cultures of such persons will produce L col- 
onies. One throat culture known to be posi- 
tive was studied more thoroughly and only 
the descendants of 1 out of 20 single colonies 
gave positive results. Further subcultures of 
these 20 colonies behaved similarly. The 
descendants of negative colonies were always 
negative. Subcultures obtained by trans- 
ferring large inocula from a positive strain 
were always positive. However, only about 
one-fifth of the descendants of isolated col- 
onies remained positive. This was followed 
through 4 generations. These observations 
indicate that not all but only a certain per- 
centage of the cocci in a positive colony trans- 
mit to their descendants the ability to produce 
L forms under the conditions of these experi- 
ments. A similar observation was made pre- 
viously in this laboratory with a Gram posi- 
tive bacillus(4). 


An interesting strain of alpha-hemolytic 
streptococcus was isolated on several occa- 
sions from the blood of a patient in the weeks 
preceding his death.’ The source of the sep- 
ticemia was an old kidney abscess; no endo- 
cardial lesions were found at autopsy. The 
organisms were extremely pleomorphic both 
in the original broth flasks and in transplants 
on blood agar plates without penicillin. Nor- 
mal cocci were not observed and the cultures 
consisted of large round bodies, small granules 
and long filaments, some with swellings. The 


§ We are indebted to Lawrence J. Kunz, bacteri- 
ologist of the Massachusetts General Hospital, for 
this strain and many others mentioned in this pub- 
lication. 
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cultures resembled those of Streptobacillus 
moniliformis. The nature of the organisms 
was established only after several transfers, 
when the usual coccal form of growth was re- 
sumed. When transferred immediately after 
isolation to horse blood and horse serum agar 
plates without penicillin and without in- 
creased electrolyte concentration, L colonies 
developed spontaneously among the pleomor- 
phic coccus colonies. When the cultures were 
exposed to penicillin only L colonies devel- 
oped. 

Discussion. The L forms of bacteria can 
be recognized at present only by the growth 
of characteristic colonies. This criterion was 
used in all cases reported in this paper. The 
occurrence of large bodies or granules in the 
cultures, as accepted by several authors,|| is 
not sufficient proof of transformation of bac- 
teria into L forms. Such morphological ele- 
ments are often present in cultures without 
signs of multiplication. The expressions “L 
forms,” “L-type growth” and “L cultures” are 
synonymous and refer to the same funda- 
mental phenomena. 

The L-type cultures described in this re- 
port undoubtedly originated from alpha- 
hemolytic streptococci. The macroscopical 
and microscopical appearance of the cultures 
is characteristic, and differs from that of 
PPLO which could conceivably contaminate 
the cultures. The serological specificity of 
the L forms studied earlier and in the course 
of the present studies was similar to that of 
the parent streptococci. The observation 
that streptococci reappeared in the cultures of 
L forms and that these cocci reproduced L 
forms under appropriate conditions is further 
evidence for the relation between the cocci 
and these L forms. 

The tendency of strains of alpha-hemolytic 
streptococci to produce L forms is as variable 
as in the other species. The behavior of these 
strains, as far as the production of L forms is 
concerned, is in many respects similar to that 
observed in Bacteroides(5). One strain of 
alpha-hemolytic streptococcus produced L 
forms spontaneously on the usual media. A 
few strains produced L forms on_ similar 


|| See discussion in (3). 
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media under the influence of penicillin. High 
concentrations of NaCl increased slightly and 
high concentrations of phosphate increased 
markedly the number of strains which pro- 
duced L forms. The behavior of the descen- 
dants of individual coccal chains of a strain 
which produced L forms was variable. In 
some strains the majority of the cocci present 
in a single colony lost the ability to produce 
L forms. 


It is of interest that in several species such 
as Bacteroides and the hemophylic bacteria, 
which are the usual inhabitants of the human 
body, pleomorphism and spontaneous pro- 
duction of L forms is more frequent among 
the strains isolated from pathological pro- 
cesses than among those isolated from their 
usual habitat. Similarly, the strain of alpha- 
hemolytic streptococcus which produced L 
forms spontaneously originated from an ab- 
scess of long duration, and was characterized 
by extreme pleomorphism. This relation can- 
not be due entirely to the influence of anti- 
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biotics, because some of these observations 
were made before the¥ came into use. 
Summary. High concentrations of potas- 
sium and sodium phosphates incorporated in 
the media markedly increased the number of 
strains of alpha-hemolytic streptococci which 
produced L-type growth when exposed to 
penicillin. High concentrations of NaCl pro- 
duced this effect only slightly. Using the 
phosphate media, strains of alpha-hemolytic 
streptococci which produced L forms were 
found in about one-fourth of the throat cul- 
tures examined. One unusual strain of alpha- 
hemolytic streptococcus produced L_ forms 
spontaneously without exposure to penicillin. 
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Occurrence of hippuric acid in mammalian 
urine has been known since its isolation by 
Liebig(1) in 1829. It has usually been sup- 
posed to arise by conjugation of benzoic acid 
of dietary origin with glycine in the body, and 
a great part of biochemical investigations of 
hippuric acid formation have been concerned 
with glycine metabolism. Recently, presence 
of hippuric acid in urine of fasting humans 
was reported and a possible endogenous origin 
was suggested for it(2). Shortly thereafter, 
Schreier ef al.(3) observed a dilution in spe- 
cific activity of radioactive benzoic acid in 


* This research was supported by grants from the 
National Institutes of Health, U. S. Public Health 
Service. 


fasting rats, and suggested that an endogenous 
formation of benzoic acid could explain their 
results. In addition, they cited other ob- 
servations, unsupported by experimental data, 
which were in agreement with this idea. Our 
investigation indicates that in humans and in 
the white rat there is a small amount of hip- 
puric acid produced endogenously and that in 
the rat the aromatic ring of phenylalanine can, 
to a slight extent, serve as a precursor for the 
benzoic acid moiety. A major proportion of 
hippuric acid present in urine of humans and 
of rats receiving a natural diet is, however, 
derived from dietary precursors. 


Methods. Albino rats (Sprague-Dawley), 
weighing 300 to 400 g, were fed either Purina 
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chow or lactalbumin-dextrin diet which has 
been described earlier(4). Each animal was 
allowed 15 g¢ of food daily and given water ad 
libitum; fasting animals were allowed water. 
For experiments in which a laboratory diet 
was used with humans, the basal diet con- 
tained lactalbumin, sucrose, a vegetable oil 
(Wesson oil), vitamins and minerals(5). The 
amounts allowed in g/kg/day were lactalbu- 
min, 1; sucrose, 0.8; fat, 0.8; mineral salts 
(No. 2, General Biochemicals, Inc.), 0.2, and 
vitamins. Rat urine was collected with tolu- 
ene as a preservative; 24-hour samples were 
acidified to pH 2, extracted twice with 3 vol- 
umes of ethyl acetate, and the ethyl acetate 
was concentrated in vacuo. Final volume was 
adjusted to contain about 0.2 mg of hippuric 
acid/ml of ethyl acetate. Human urine was 
collected and frozen immediately; 24-hour 
samples were assayed for creatinine and or- 
ganic acids of an aliquot were extracted by the 
standard procedure reported previously(6). 
Hippuric acid concentration of the ethyl ace- 
tate extracts was estimated by modification of 
procedure described by Gaffney et al.(7). 
Aliquots which contained between 2 and 10 
ug of hippuric acid were placed on Whatman 
No. 1 filter paper along with 1 to 10 yg 
amounts of authentic hippuric acid, and the 
chromatograms developed with isopropyl alco- 
hol-aqu. ammonia-H2,O (8:1:1) for 16 hours 
at 25°C. Hippuric acid) (Ry = 0:59) —was 
visualized by spraying with p-dimethylamino- 
benzaldehyde /Ac.O/NaOAc_ reagent(4)_ fol- 
lowed by either heating at 100°C for 5 min- 
utes or letting the sprayed chromatograms 
stand overnight; the latter procedure results 
in a better background on chromatograms. 
The amount of hippuric acid was estimated by 
comparing intensity of color of unknowns and 
standards as seen with a Kodak cold light 
X-ray illuminator. Recovery experiments 
showed that the procedure for rat urine gave 
a quantitative recovery, and that procedure 
used for human urine gave approximately 
90% recovery of hippuric acid. Accuracy of 
estimation is within -+ 20%, which is adequate 
for purposes of these experiments. 

The results (Table I) show that a major 
portion of hippuric acid excreted by rats re- 
ceiving a chow diet arises from some pre- 
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TABLE I. Excretion of Hippurie Acid by the Rat. 


Avg daily hip- 
puric acid ex- 


No.of Days creted (mg/kg 
Regimen animals studied body wt/day) 
Laboratory chow 6 4 22.5 + 6.1 
Laboratory diet 
Day 1 6 1 14.0 + 5.0 
2 6 il 8.8 + 4.0 
2 6 il 5.6 + 2.5 
4 6 1 5.0 + 1.0 
5 3 1 4:3 + 3 
6 3 1 394+ .6 
Fasting 
yay 7 3 1 4.4 + 1.4 
8 3 il B10) SE 
) 3 ih Seo) Se oll 
10 33 it 3.6 S=52-) 
fat 3 1 3.64 .4 
12 3 i 3.6 =e ne 
13 3 u 34 8 
Synthetie diet + 3 2 3a ee 8 
2% sulfasuxi- 
dine—5th and 
6th days 
Synthetic diet + 3 3 3.0 Ee 22 


2% sulfasuxi- 
dine + 200 mg 
L-phenylalanine 
intraper. 


cursor in the diet; no preformed hippuric acid 
could be detected in the chow. When animals 
were given lactalbumin diet, hippuric acid ex- 
cretion fell during the first few days to 3 to 
4 mg/kg/day and then remained constant. 
Fasting or inclusion of 2% sulfasuxidine in 
the diet to modify intestinal microorganisms 
did not lead to significant decrease in hip- 
puric acid excretion nor did oral administra- 
tion or intraperitoneal injection of phenyl- 
alanine lead to increased excretion. 

The results obtained with humans (Table 
II) were similar to those with rats. A much 
higher excretion of hippuric acid was observed 
in individuals eating a natural diet than in the 
same persons after they had eaten a synthetic 
diet similar to that fed the rats. Excretion of 
hippuric acid decreased rapidly as soon as 
synthetic diet was commenced, and then re- 
mained relatively constant, with different in- 
dividuals excreting different amounts, ranging 
from | to about 3 mg/kg body weight /day— 
values similar to those observed with rats. 

Some caution is mandatory when a color 
reaction is applied to the analysis of materials 
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TABLE II. Hippurie Acid Exeretion in the Hu- 
man Receiving a Laboratory Diet. 


Hippuric acid excretion (mg/kg/day ) 
Consecutive days of 


58.0 


Natural laboratory diet 
diet 1 2 3 4 5 
MA(4) 143 7 i a a, 
WeRa GSS) 7.1 mess WAG ils} GY 
IPA (2))) 23.0 3.3 2.4 24 2.0 


of biological origin. To assure that the ma- 
terial estimated with the reagent of Gaffney 
et al.(7) actually was hippuric acid, the final 
24-hour urine sample of one person receiving 
the synthetic diet for 5 days was extracted in 
the usual manner, and hippuric acid was iso- 
lated from the ethyl acetate extract (200 ml, 
containing an estimated 100 mg of hippuric 
acid) with the use of a modified counter-cur- 
rent distribution procedure. Thirty-eight mg 
of impure hippuric acid, obtained in the first 
crop, was recrystallized (Norit) from 0.6 ml 
of hot water to yield 16 mg of white material. 
The isolated compound was identical with 
authentic hippuric acid in all its physical 
properties. The demonstration that hippuric 
acid actually could be isolated from urine of 
an individual receiving a well-defined diet sup- 
ports the conclusion that the material esti- 
mated as hippuric acid in this work actually 
was hippuric acid and not another chromogen 
with similar chromatographic behavior. 
Preparation of 3-C'-.-phenylalanine. 77.9 
mg of 3-C'4-pr-phenylalanine hydrochloride 
(Tracerlab, Inc., 3.84 Mc/mg) and 227.1 mg 
of inert pL-phenylalanine were mixed to pro- 
vide 291.0 mg of pr-phenylalanine (1 Mc/ 
mg). This material was resolved by modifica- 


tion of the method of Wretlind(8). 115 mg 
of t-phenylalanine, a]7$ = -34° (c,l,H2O) 


(—35°)(8), and 101 mg of p-phenylalanine, 
a]! = +33° (c,l,H20) were obtained. 


Isolation of labelled hippuric acid from rat 
urine. Hippuric acid was extracted from 24- 
hour samples of urine with ethyl acetate as 
described above, and a small aliquot used for 
estimating total quantity present. Ethyl ace- 
tate solution was then extracted 4 times with 
small portions of saturated NaHCO; solution 
and 30 mg of carrier hippuric acid was added 
to the combined bicarbonate extracts. The 
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solution was cooled to 0°, acidified to pH 2 
by the addition of 6 N HCl, and allowed to 
stand overnight in a refrigerator. The hip- 
puric acid was recrystallized from hot water. 
Hippuric acid, obtained by the above pro- 
cedure, was hydrolyzed by heating with 2 ml 
of 6 N HCl at 110° in a sealed tube for 12 
hours. The acidic solution was extracted 3 
times with 5 ml portions of ether, the com- 
bined ether extracts were evaporated to dry- 
ness, and benzoic acid was purified by subli- 
mation at 120°; m.p., 122°. For counting, 
aliquots of urine, of the ethyl acetate extract, 
and ethyl acetate solutions of hippuric and 
benzoic acids were placed on aluminum discs 
(l-inch diameter). Radioactivity was meas- 
ured on duplicate samples with an internal 
gas flow counter having a geometry of about 
50%. Sufficient counts were measured to 
allow a counting error of +5% and the 
counts were corrected for background and 
self-absorption. The results of tracer experi- 
ments with 3-C1#-1-phenylalanine and _ uni- 
labelled 


formly C14-glucose are given in 
Table III. 
Discussion. The experiments reported here 


serve to establish 2 points: first, there is a 
small endogenous production of benzoic acid 
in rat and human, and second, this benzoic 
acid probably is formed in some indirect and, 
as yet unknown, manner from phenylalanine. 

By far the greater proportion of the hip- 
puric acid excreted by rats and humans who 
are ingesting a natural diet has its origin in 
dietary precursors—either combined benzoic 
acid present in plant materials or, in the case 
of humans, additional small amounts of so- 
dium benzoate, which is added to some foods 
as a preservative. After the institution of 
well-defined laboratory diet, amount of hip- 
puric acid excreted in urine of both species 
decreased rapidly over 2 to 3 days to a frac- 
tion of the amount observed originally. The 
amount, on a body weight basis, of this endo- 
genous hippuric acid excreted was comparable 
in human and rat. 

In the earlier report of presence of hip- 
puric acid in urine of a fasting human(2), the 
amount of hippuric acid excreted was some- 
what greater than that observed here. This 
may have resulted because of too short a 
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TABLE III. Results of Tracer Experiments with Rats. 


O“-Glucose ; 


Compound administered ) 
one portion 


by intraper. inj. ——> 


3-C-L-Phenylalanine; 3 
portions at 6 hr intervals 


3-C'-L-Phenylalanine ; 
one portion 


Fasting Laboratory diet ———— EF asting—___ 
Days studied mea 2nd 3rd 6th 7th 2nd brd 4th 

Ait of compound given (mg) 65.5 _ ie il. 

C* given (cts/min. X 10°) 95 90 is 

CM in 24hr urine (cts/min.) —-7530 990 4610 1760 8790 4370 3000 

Proportion of C excreted in 793 103 O12 195 879 437 30 
urine (%) 

Cin EtOAc extract (cts/min.) 870 380 1760 — 7970 3330 2980 

Proportion of urinary C™ in alg} 38.5 38.2 — 90.6 76.2 99.4 
EtOAc (%) 

Hippuric acid excreted (mg) 1.0 1 aI il il ls at 

Hippuric acid isolated (30 mg 22. — 23.7 — 24 — — 
carrier added) (mg) 

Sp. act. of isolated hippuric 0 — 17.5 6.9 20.1 9.5 th 
acid (cts/min./mg) 

Sp. act. of benzoic acid from — = 14.8 = 17.4 — == 
isolated hippurie acid 
(ets/min./mg) 

C* in benzoie acid portion of 0 — 459 — 540 — — 
hippuric acid (cts/min.) 

Proportion of C' excreted in 0 — 0.051 — 0.054 — — 


benzoie acid moiety of hip- 
purie acid (%) 


period of fasting before urine was collected; 
the data of Table I show that a constant low 
excretion of hippuric acid was not observed 
until the third day of ingestion of laboratory 
diet. Presumably, this length of time is re- 
quired for material of dietary origin present 
in intestinal tract to be cleared from the body. 
A similar finding was made in connection with 
excretion of m-hydroxy-hippuric acid, which is 
also derived in large part from some dietary 
precursor (6). 

The tracer experiments with C-labelled 
phenylalanine, designed to test the possibility 
that benzoic aicd might arise directly from 
phenylalanine by removal of the 2 terminal 
carbon atoms of the side chain, clearly showed 
that, although phenylalanine may definitely 
serve as precursor to a very limited extent, it 
can hardly be a direct precursor. The very 
small amount of radioactivity of administered 
3-C™-phenylalanine appearing in hippuric 
acid excreted was present in the benzoic acid 
portion of the hippuric acid rather than in the 
glycine portion, in which it might have oc- 
curred as the result of glycine formation from 


acetoacetate or acetate formed by complete 
breakdown of phenylalanine. The possibility 
that de novo synthesis of a small amount of 
C1-containing benzoic acid from acetate 
might have been carried out by intestinal 
microorganisms was considered and was tested 
by administration of uniformly labelled C14- 
glucose, which has been shown to serve as 
precursor for microbial synthesis of aromatic 
rings. Hippuric acid excreted after adminis- 
tration of labelled glucose did not contain a 
detectable amount of C1. 

Thus, the observation of a significant pro- 
duction of endogenous benzoic acid in the rat, 
which was indicated by the dilution of admin- 
istered C'-benzoic acid in the work of 
Schreier e¢ al.(3), has been confirmed in the 
present experiments. In addition, it has been 
shown that phenylalanine serves but poorly as 
precursor, and is probably first converted to 
some unknown intermediate which gives rise 
to benzoic acid. Utilization of 3-C! rather 
than ring-labelled phenylalanine leaves open 
the possibility that phenylalanine might have 
served as precursor for C1-benzoic acid, 
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which then underwent decarboxylation and re- 
carboxylation, losing the label in the process. 
In addition to absence of known metabolic 
transformations of this type, however, lack of 
incorporation of Cl from C!4-labelled glucose 
into the hippuric acid renders this possibility 
unlikely. 

Summary. 1. Humans niu rats receiving a 
purified laboratory diet excrete hippuric acid, 
1 to 3 mg/kg/day. This amount appears to 
be formed endogenously and its excretion in 
the rat is not affected by fasting, by inclusion 
of sulfasuxidine in the diet, or by injection of 
phenylalanine. 2. 0.05% of the radioactivity 
of 3-C'-1-phenylalanine injected into a rat 
was excreted in 24 hours in the form of hip- 
puric acid. Further experiments suggested 
that endogenous hippuric acid could not be de- 
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rived from phenylalanine in any direct 


manner. 
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Treatment of plasma with barium sulfate 
has been reported to remove the following 
clotting factors: Prothrombin, the serum pro- 
thrombin accelerator system*(1), plasma 
thromboplastin component*(2) and plasma 
thromboplastin* (3). However, antihemo- 
philic factor* (AHF) and plasma-accelerator- 
globulin* (PacG) are supposedly not re- 
moved by the adsorbent(4). The present 
study is concerned with the influence of AHF 
and of PAcG on the rate of thrombin forma- 
tion in a reaction mixture containing calcium 
ions and platelets as well as factors removed 
from bovine plasma by barium _ sulfate 
(plasma eluate). Concomitant investigations 
were made on the influence of a barium sul- 
fate eluate from rabbit serum (serum eluate) 
on the rate of thrombin formation. 

Materials. Bovine plasma: Oxalated bo- 
vine blood (9 parts of blood and 1 part of 


* For a different Fermninelony of these factors refer- 
ence is made to Appendix, The Coagulation of Blood. 
Method of Study. Edited by L. M. Tocantins, Grune 
and Stratton, N. Y. City, 1955. 


3.7% potassium oxalate in 1% oxalic acid) 
was collected at the slaughter house and cen- 
trifuged at 4°C. Veronal buffer: A stock 
solution was made by dissolving 19.428 g 
sodium acetate * 3H2O and 29.428 g sodium 
diethylbarbiturate in one 1 of distilled water. 
Veronal buffer of pH 7.2 was used throughout 
and consisted of 100 ml of the stock solution, 
40 ml of 8.5% sodium chloride, 100 ml of 
0.1 M hydrochloric acid and 260 ml of dis- 
tilled water. Bovine platelets were obtained 
from oxalated bovine plasma by differential 
centrifugation according to the procedure 
described by Seegers and his associates(5). 
After the final washing with 0.9% NaCl, the 
platelets were dried with acetone and then 
pulverized in a mortar. Suspensions of the 
dried platelet material were made in veronal 
buffer. Bovine plasma eluate: Oxalated bo- 
vine plasma was stirred at room temperature 
for 10 minutes with BaSO, (50 mg/ml), cen- 
trifuged at 4°C and the supernatant plasma 
decanted. The BaSO, was washed succes- 
sively with 0.9% NaCl, 0.1 M sodium oxal- 
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ate, and 0.9% NaCl, the volumes of each 
washing being equal to the original plasma 


volume. The BaSO, was then eluted twice 


with 0.1 M sodium citrate solution (1/10 of. 


the original plasma volume) by stirring for 
10 minutes at room temperature, and then 
centrifuging and decanting. The two citrate 
eluates were combined and dialyzed against 
distilled water at 4°C until free of citrate and 
then lyophilized. A given amount of the dried 
preparation was dissolved in veronal buffer, 
corresponding to definite plasma concentra- 
tions. Rabbit serum eluate was prepared 
from stored aged rabbit serum of low pro- 
thrombin content according to the procedure 
described for the plasma eluate. An amount 
of the dried material was extracted with ver- 
onal buffer equivalent to serum concentration, 
centrifuged for 20 minutes at 4°C and the 
clear supernatant was employed in the vari- 
ous tests. Plasma _ accelerator globulin 
(PAcG) was prepared according to the 
method of Lewis and Ware(6) from bovine 
oxalated plasma after treatment with BaSQy. 
The final preparation was dissolved in a vol- 
ume of 0.9% NaCl, corresponding approxi- 
mately to 1/5 of the original plasma volume, 
and kept frozen in small aliquots until used. 
Antihemophilic globulin factor (AHF) was 
prepared according to the procedure de- 
scribed by Brinkhous and his associates(7,8). 
BaSO,-treated oxalated bovine plasma was 
heated for 10 minutes at 52°C to remove 
fibrinogen. After centrifugation, ammonium 
sulfate was added to the supernatant to 25% 
saturation. After one hour at 4°C, the re- 
sulting precipitate was removed by centrifu- 
gation, dissolved in distilled water and dia- 
lyzed at 4°C against 0.9% NaCl. Final vol- 
ume of the AHF solution was adjusted to the 
original plasma volume, and kept frozen in 
small aliquots until used. Fibrinogen was 
prepared from oxalated bovine plasma ac- 
cording to the method of Seegers and his as- 
sociates(9). Before dilution, the fibrinogen 
solution was treated with BaSO, (100 mg/ 
ml) to remove any absorbable clotting factors 
which may have been present. For the test, 
the fibrinogen was diluted with 0.9% NaCl 
to a concentration of 0.4%. The fibrinogen 
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preparation contained 89% clottable protein. | 

Methods. A. One-stage thrombin forma- |} 
tion procedure: The total incubation mixture |] 
consisted of 1.25 ml plasma eluate (2 times | 
plasma concentration) in veronal buffer, 0.6 | 
ml AHF solution, 0.6 ml PAcG solution, 0.55 | 
ml serum eluate (serum concentration) in | 


veronal buffer, 0.15 ml platelets suspension | 


(1.5 mg/ml veronal buffer), and 0.3 ml CaCly | 
(0.125 M). Veronal buffer was substituted for |} 
one or more of the above reagents in the vari- | 
ous experiments. On the addition of the | 
CaCl. to the other factors and agitation of | 
the mixture, a stop watch was started and the 
reaction mixture was incubated at 26°C. 
Thrombin formation was determined at timed 
intervals by the addition of 0.1 ml of the reac- 
tion mixture to a fibrinogen solution (0.3 ml 
veronal buffer and 0.1 ml fibrinogen) at 37°C. 
When the clotting times (as obtained by the 
tilt method) were below 12 seconds, the 0.1 
ml portions of the reaction mixture were suit- 
ably diluted with veronal buffer before addi- 
tion to the fibrinogen solution. The recorded 
clotting times were interpreted in terms of 
National Institutes of Health (NIH) throm- 
bin units from a curve prepared with a 
standard NIH thrombin preparation.t  B. 
Two-stage thrombin formation procedure: In 
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FIG. 1, Formation of thrombin in bovine plasma 
eluate, platelets and CaCl, in the presence of serum 
eluate, AHF, PAcG and AHF plus PAcG. A, plas- 
ma eluate, platelets and CaCl,; B, plasma eluate, 
platelets, CaCl,, and serum eluate; C, plasma elu- 
ate, platelets, CaCl, and AHF; D, plasma eluate, 
platelets, CaCl, and PAcG; E, plasma eluate, pla- 
telets, CaCl, AHF and PAcG. 


t Kindly supplied by Biologics Control Laboratory, 
National Institutes of Health, Bethesda, Md. 
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FIG. 2. Formation of thrombin in plasma eluate, 
serum eluate, platelets and CaCl, in the presence 
of PAcG, AHF and PAcG plus AHF. F, plasma 
eluate, serum eluate, platelets and CaCl; G, plas- 
ma eluate, serum eluate, platelets, CaCl, and PAcG; 
H, plasma eluate, serum eluate, platelets, CaCl, and 
AHF; I, plasma eluate, serum eluate, platelets, 
CaCl, AHF and PAcG. 


this procedure serum eluate, platelets and 
CaCl, with and without AHF or PAcG were 
incubated for 20 minutes at 26°C and the 
plasma eluate was then added to the incu- 
bation mixture. The volumes for the differ- 
ent reagents in this procedure were the same 
as in the one-stage thrombin activation pro- 
cedure. The prothrombin converting activ- 
ity of the incubation mixture was assessed by 
recording the ability and the velocity of the 
reaction mixture to form thrombin upon ad- 
dition of a plasma eluate and incubation at 
26°C. The rate of thrombin formation was 
followed in the same manner as in the one- 
stage thrombin formation procedure. Details 
of representative individual experiments are 
included in Fig. 1, 2 and 3. 

Results. In any interpretation of the vari- 
ous reaction rates of the different factors con- 
trolling the formation of thrombin, consider- 
ation must be given to the law of mass action. 
Cognizance must also be taken of the possible 
presence of other clotting factors or inhib- 
itors as impurities in the preparations em- 
ployed, however small these contaminations 
may be. Nevertheless, it is felt that only 
quantitative and not qualitative differences 
may occur when corresponding reactions are 
executed with more purified preparations. 
Data presented in the various figures consti- 
tute mean values of 3 or 4 identical experi- 
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ments. The clotting times did not differ by 
more than 10% for -e€ach group of identical 
experiments. 

In the curves of Fig. 1 and 2, depicting 
simultaneous mixing of the reactants, the rate 
of thrombin formation represents the summa- 
tion of all intermediate interactions involved 
in the elaboration of thrombin. As can be 
seen from curve A of Fig. 1, incubation of the 
bovine plasma eluate with platelets and CaCls 
yielded only traces of thrombin. However, 
in the presence of either serum eluate (curve 
Brot Fig. 1), or AHF (curve-C of Fig: 1), or 
PAcG (curve D of Fig. 1), prothrombin con- 
version became more pronounced. As can be 
seen from Fig. 1 marked thrombin formation 
did not commence until after 10 to 15 min- 
utes of incubation. Once thrombin formation 
began, the rate of conversion of prothrombin 
to thrombin increased rapidly. In the pres- 
ence of both AHF and PAcG (curve E of 
Fig. 1), thrombin evolution was relatively 
fast: 80 NIH units were elaborated after 20 
minutes compared with 29 units with PAcG, 
20 NIH units with AHF and 15 NIH units 
with serum eluate. Addition of either serum 
eluate, or of PAcG, or of AHF, or of AHF 
and PAcG seemed to influence mainly the 
rate but not the amount of thrombin forma- 
tion. 

The data in Fig. 2 indicate that addition of 
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FIG. 3. Formation of prothrombin converting ac- 
tivity on 20 min. ineubation of serum eluate, pla- 
telets and CaCl, in the presence of PAcG, AHF 
and PAcG plus AHF. A, serum eluate, platelets 
and CaCl,; B, serum eluate, platelets, CaCl, and 
PAcG; ©, serum eluate, platelets, CaCl, and AHF; 
D, serum eluate, platelets, CaCl, PAcG and AHF. 
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serum eluate to the plasma eluate enhanced 
the accelerating influence of either PAcG or 
AHF in the utilization of prothrombin. In 


the presence of AHF (curve H of Fig. 2)_ 


there was both an increase in the yield and 
the rate of thrombin formation after 10 min- 
utes of incubation (112 NIH units) compared 
with PAcG (30 NIH units, curve G of Fig. 
2). These observations substantiate the con- 
cept of Brinkhous and his associates(4) that 
AHF augments the utilization of prothrom- 
bin. In the presence of both AHF and PAcG 
(curve I of Fig. 2), the lag period of pro- 
thrombin conversion was further shortened; 
about 26 NIH thrombin units were formed 
within 3 minutes, while only traces of throm- 
bin were elaborated during the same period 
of incubation with either AHF or PAcG 
alone. Comparison of the data of Fig. 1 and 
2 indicate that AHF as well as PAcG in the 
presence of serum eluate caused a more pro- 
nounced shortening in the prothrombin util- 
ization than in the absence of serum eluate. 
The quantity of thrombin formed in a mix- 
ture of plasma eluate, platelets and calcium 
at any given time not only was dependent on 
the amount of prothrombin present but also 
on the rate of its conversion controlled by the 
presence and quantity of such factors as 
AHF, PAcG and those present in serum elu- 
ate. Replacing either platelets or CaCly with 
veronal buffer in the experiments did not 
yield any measurable thrombin formation. 
In an attempt to reduce further the lag 
period observed in the one-stage thrombin 
formation procedure, those factors which ap- 
parently participate in the conversion of pro- 
thrombin to thrombin were preincubated for 
20 minutes at 26°C before addition of the 
plasma eluate. The results illustrated in 
Fig. 2 and 3 show that preincubation of serum 
eluate, platelets and CaCl. in the presence of 
PAcG or AHF or both PAcG and AHF before 
addition of the plasma eluate to the incuba- 
tion mixture, resulted in a marked enhance- 
ment in the prothrombin conversion com- 
pared with the one-stage thrombin formation 
procedure. It appears from these data that 
AHF as well as PAcG interact with factor(s) 
in serum eluate in the presence of platelets 
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and calcium prior to the activation of pro- 
thrombin. In the presence of AHF (curve C 
of Fig. 3) a more potent prothrombin acti- 
vator seemed to evolve than in the presence of 
PAcG (curve B of Fig. 3). This is in further 
agreement with the finding of Brinkhous and 
his associates(4) that AHF greatly enhances 
the utilization of prothrombin. Jensen, Gray 
and Schaefer(10) have presented evidence 
that PAcG accelerates the interaction of 
platelets and factor(s) in a serum eluate in 
the presence of CaCly yielding a prothrombin 
conversion factor. With both AHF and PAcG 
in the preincubation reaction mixture. (curve 
D of Fig. 3), 24 NIH thrombin units were 
already formed within 1 minute after addition 
of the plasma eluate. In the presence of 
AHF only (curve C of Fig. 3) and PAcG 
only (curve B of Fig. 3) 2.5 minutes and 5 
minutes respectively were required to vield 
the same amount of thrombin. Replacement 
of platelets or of CaCl. with veronal buffer 
did not yield any prothrombin converting ac- 
tivity. Serum eluate, AHF, PAcG, platelets 
and CaCl, after incubation for 20 minutes at 
26°C produced a clot with fibrinogen in 9 
minutes, indicating the presence of only 
traces of prothrombin in the above prepara- 
tions. 


A comparison of the rates of thrombin 
formation (Fig. 2 and 3) shows that preincu- 
bation of AHF or PAcG or both with serum 
eluate, platelets and CaCl. greatly reduced 
the lag period in the conversion of pro- 
thrombin to thrombin. It appears from the 
data in Fig. 2 and 3 that regardless of 
whether the prothrombin converting complex 
was formed in one stage or two, approvxi- 
mately the same amount of thrombin was 
formed. The main difference between the 
one and 2-stage reaction was in the rate of 
prothrombin conversion. The greater velocity 
of thrombin formation in the 2-stage pro- 
cedure indicates that during preincubation 
precursory interactions of certain factors had 
been initiated or completed. 


Preincubation of either platelets. AHF and 
CaCly or of platelets, PAcG and CaCl. or of 
platelets, AHF, PAcG and CaCl, before 
addition of either plasma eluate or of plasma 
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eluate plus serum eluate to the preincubation 
mixture resulted in approximately the same 
rates of thrombin elaboration as was found 
in the one-stage thrombin procedure (Fig. 1 
and 2). These findings indicate that no in- 
teraction between the various factors had 
taken place during the preincubation period 
under these conditions. It appears from these 
observations that AHF as well as PAcG will 
interact with platelets and calcium ions only 
in the presence of factor(s) in serum or 
plasma eluate yielding prothrombin convert- 
ing activity. 

Discussion. The data presented point to 
the existence of several factors in blood which 
react, perhaps in stages, to produce a power- 
ful activator of prothrombin, called the 
thrombokinase-complex.+ Factors concerned 
in the thrombokinase forming system are 
AHF, PAcG, factor(s) in serum or plasma 
eluate, platelets and calcium ions. Appar- 
ently PAcG and AHF will react with platelets 
and calcium only in the presence of factor(s) 
in serum or plasma eluate yielding prothrom- 
bin converting activity. Whether the activi- 
ties of the thrombokinase generated with and 
without AHF or PAcG differ qualitatively as 
well as quantitatively remains to be deter- 
mined. Applying these results to the 
mechanism of fibrin formation in blood, the 
role of the different natural anticoagulants 
must be taken into account. 

The findings reported are in agreement 
with the concept of Biggs(12) that the 
Christmas factor* (present in the eluate of 
plasma or serum), AHF, factor V* (PAcG), 
factor VII* (present in the eluate of plasma 
or serum), platelets and calcium ions are all 
required for the generation of a “complete” 
thromboplastin’ (thrombokinase). Accord- 
ing to Spurling and King(13), plasma throm- 
boplastin component! (present in plasma or 


t Following the proposal of Milstone(11), throm- 
bokinase is defined as an agent which has the ca- 
pacity to convert prothrombin to thrombin directly. 

§ Biggs defines thromboplastin as a substance which 
is directly responsible for conversion of prothrombin 
to thrombin in the presence of calcium ions. 

|| Plasma thromboplastin component is assumed to 
be identical with the Christmas factor(12). 
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serum eluate), AHF, platelets, rough surfaces 
and calcium are required for maximum throm- 
boplastin (thrombokinase) production in 
vitro. These investigators, apparently, did 
not include PAcG in their concept of throm- 
bokinase formation. Flynn and Coon(14) 
have presented evidence that brain thrombo- 
plastin extract, stable factor* (present in 
plasma or serum eluate) and labile factor* 
(PAcG) react together prior to the activation 
of prothrombin. According to Seegers(15), 
the plasma platelet cofactor 1* (AHF) re- 
acts with platelet factor 3* to form threone 
which in combination with serum accelerator 
globulin* (derived from PAcG) will convert 
prothrombin to thrombin. Mann and Hurn 
(16) observed that platelets interact with a 
plasma—or serum factor (cothromboplastin) * 
before interaction with prothrombin takes 
place. 

The data presented here as well as the ob- 
servations of others already cited are in har- 
mony with the 3 stage concept of fibrin for- 
mation as formulated by Milstone(11). 


Thrombokin- 
> ase complex 


Prothrombokinase- 
complex 


Thrombokinase complex 


Prothrombin - » Thrombin 


Thrombin 


Fibrinogen ty >Fibrin 


The prothrombokinase complex would in- 
clude such factors as platelets, AHF, PAcG, 
factor(s) in serum or plasma eluate and cal- 
cium. For the thrombokinase complex for- 
mation, platelets, factor(s) in serum or 
plasma eluate and calcium seem to be essen- 
tial, while AHF as well as PAcG will enhance 
its formation. The fundamental phase of the 
blood clotting mechanism seems to involve 
the generation of a thrombokinase. Once 
sufficient thrombokinase is formed, the con- 
version of prothrombin to thrombin by throm- 
bokinase and the conversion of fibrinogen to 
fibrin by thrombin proceed comparatively 
rapidly. The time required for the thrombo- 
kinase-forming reactions determines the blood 
coagulation time. The nature and sequences 
in the interaction between the various factors, 
yielding thrombokinase, have yet to be eluci- 
dated. It is known that AHF and PAcG are 
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utilized during the clotting of blood. Whether 
they become a component part of the throm- 
bokinase complex is at present not known. 
According to Owren and his associates(17) 
convertin (obtained by the interaction of 
brain extract and proconvertin, present in 
serum or plasma eluate) and accelerin! com- 
bine to form prothrombinase (thrombokin- 
ase) which in the presence of calcium pro- 
duces rapid conversion of prothrombin to 
thrombin. Whether the calcium necessary 
for the formation of thrombokinase becomes 
an integral component of the thrombokinase 
complex or whether it serves merely as a 
catalyst is not known. 

Summary. Plasma accelerator globulin, 
antihemophilic factor as well as serum eluate 
were found to produce increased thrombin 
elaboration in a reaction mixture consisting 
of bovine plasma eluate, platelets and cal- 
cium ions. In the presence of both plasma 
accelerator globulin and antihemophilic fac- 
tor, conversion of prothrombin to thrombin 
became accelerated. Addition of serum elu- 
ate to the plasma eluate enhanced the accel- 
erating influence of either plasma accelerator 
globulin, of antihemophilic factor or of both 
in the utilization of prothrombin. Upon pre- 
incubation of those factors which are sup- 
posed to participate in the conversion of pro- 
thrombin, before addition of a plasma eluate 
to the incubation mixture, it was found that 
more prothrombin was converted in a shorter 
period of time than in the one-stage thrombin 
formation procedure. The greater velocity of 
thrombin formation in the two-stage pro- 


{ Obtained by addition of thrombin to prothrom- 
bin and proconvertin free bovine plasma. Accelerin 
was then precipitated by dilution and acidification. 
The preparation may have been contaminated with 
AHF. 
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cedure indicated that precursory interactions 
of certain factors had taken place during the 
initial incubation. Evidence has been ob- 
tained that antihemophilic factor as well as 
plasma accelerator globulin will interact with 
platelets and calcium ions only in the pres- 
ence of factor(s) in serum or plasma eluate 
yielding prothrombin converting activity. 
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Influence of Cortisone on Experimental Viral Infection. II. Effects on 
Antibody Formation and Acquired Immunity.* (22136) 


Epwin D. KiLpourne.t 


Dept. of Medicine, Tulane University School of Medicine, New Orleans, La. 


It has been demonstrated that infection of 
a number of mammalian species with a variety 
of microorganisms is altered to the detriment 
of the host by cortisone(see reviews(1,2)). 
It has also been established with less unani- 
mity that the formation of humoral antibody 
to non-replicating antigens is suppressed by 
the administration of cortisone(3,4). However, 
few studies(5,6) have been published of the 
influence of cortisone on the development of 
circulating antibody during actual infection. 
Perhaps the rapidly lethal outcome of most 
experimental infections studied precludes the 
formation of detectable antibody unless anti- 
microbial therapy is used to arrest infection 
(5,6). 

In the present study, 2 avirulent influenza 
A virus strains capable of multiplication to 
high titer without the concomitants of pneu- 
monia or death have been used to permit study 
of antibody formation resulting from unre- 
stricted multiplication of a viable antigen. In 
a companion experiment, study has been made 
of the effectiveness of the immunity so ac- 
quired in resisting challenge with a virulent 
strain of one of the viruses used in immuniza- 
tion. 

Materials and methods. Mice. CFW mice 
which averaged 20 g in weight were employed 
in groups of 6-21 as indicated in the protocols. 
Mice were inoculated intranasally with viral 
suspensions while under light ether anesthesia. 
Blood for antibody determinations was re- 
moved under chloroform anesthesia by cardiac 
puncture exsanguination. Viruses. The 1947 
FM-1 influenza A strain was employed in two 
forms: 1) as unadapted first mouse lung pas- 
sage virus (10% mouse lung suspension), and 
2) as a 10% mouse lung suspension of 29th 


* This investigation was supported in part by a 
grant from the U.S.P.HLS. 

+ Present address: Department of Public Health 
and Preventive Medicine, Cornell University Medical 
College, N. Y. City. 


passage mouse-adapted virus. A 1950 non- 
mouse-adapted influenza A virus (Rockefeller 
Institute JB strain) (7) was also employed as 
undiluted allantoic fluid. Cortisone. Corti- 
sone was used in the form of cortisone acetate 
(Cortone® Merck); the aqueous vehicle used 
in its suspension was employed for the sub- 
cutaneous injection of control animals.? 
RDE. The filtrate of a 48-hour neopeptone 
broth culture which had been inoculated with 
the Inaba strain of Vibrio comma and incu- 
bated at 37°C was used as receptor destroying 
enzyme to remove serum inhibitor. Vzral 
titrations. Assay of pulmonary virus was ac- 
complished by inoculation of four 10-day-old 
White Leghorn embryos with the indicated 
dilution of mouse lung. Allantoic fluids were 
harvested after 40-48 hour incubation at 35°C 
and titered for hemagglutinin at 1:4 dilution 
with 1% human “O” RBC. MIDs59 (mouse 
infective dose) was determined as previously 
described(7). Scoring of pulmonary lesions. 
When it became apparent that cortisone did 
not kill control mice under the conditions em- 
ployed, the conventional maximum score 
method(8) (which considers mortality) was 
used in grading pulmonary lesions, but with a 
percentile expression of results to facilitate 
comparison among mouse groups of varying 
size. Antibody titrations. Sera were heated 
at 56°C for 30 minutes prior to their use. 
Neutralizing antibody was measured by the 
mouse-egg technic which can determine neu- 
tralization in mice of non-mouse-adapted virus 
(7).  Hemagglutination-inhibiting antibody 
was measured by a method described earlier 
(9) after prior incubation of sera with equal 
volumes of RDE for 18 hours. Human “O” 
RBC in initial concentrations of 1% were 
used. 

Results. Effect of cortisone on formation of 
antibody in mice infected with influenza A 


¢ These preparaticns were generously supplied by 
Merck & Co., Rahway, N. J. 
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TABLE I. Effect of Varying Doses of Cortisone 
on Formation of Neutralizing Antibody in Mice 
Infected with Influenza A Virus (JB Strain). 


Serum from mice inj. 


with: titer v.s. 
ti (e NN 
Cortisone 
(mg) Virus 50 MID,;,* 5000 MIDs; 
0 + > 32T 12 
5 +. Say 12 
1 + 32 6 
2.5 -+ 6 <4 
q3 days X 6 
5 0 <4 <4 


* Mouse infectious doses. 
+ Reciprocal of serum dilution 50% neutraliza- 
tion. 


viruses. Formation of neutralizing or hemag- 
glutination-inhibiting antibody was _ sup- 
pressed during infection of cortisone-injected 
mice with either of 2 strains of influenza A 
virus. In one experiment groups of 18-21 
mice were killed with chloroform and bled 
from the heart 19 days following the intra- 
nasal inoculation of the JB strain of influenza 
A virus and the administration of cortisone 
or control material. The results of titrations 
of serum neutralizing antibody are presented 
in Table I. Definite suppression of neutraliz- 
ing antibody formation followed prolonged 
cortisone dosage initiated on the day of in- 
fection, but was not evident after single in- 
jections of 1 and 5 mg of cortisone adminis- 
tered at the time of viral inoculation. 

In a second experiment, mice were inocu- 
lated with unadapted FM-1 (1947) virus, 
then subjected to either of two cortisone regi- 
mens, as shown in Table II. One schedule 
consisted of administration of 5 mg doses on 
the day preceding, the day of, and the day 
after virus inoculation; the second schedule 
involved the protracted administration of 
smaller doses as used in the first experiment. 
Pooled sera (15 mice/group) were obtained 
on the 18th day and titrated for hemagglu- 
tination-inhibiting antibody. Results are 
shown in Table II. As in the first experiment, 
only prolonged administration of cortisone in- 
hibited development of antibody. 

Effect of cortisone on acquired active im- 
munity against FM-1 virus. Six groups of 
6 mice each were inoculated intranasally with 
avirulent non-adapted FM-1 virus or saline 


Neutralizing antibody 
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(Table III): Fourteen days later mice were |} 
challenged with mouse-virulent FM-1. Mice | 
received concomitant injections of cortisone as || 


indicated. No fatalities occurred in mice pre- — 


viously infected with FM-1, indicating that | 
such mice possessed at least partial immunity — 
when compared with mice not previously in- | 
fected with virus. However, pulmonary le- | 
sions involving 33% of total lung volume were 
found in mice given large amounts (15 mg) 
of cortisone at the time of challenge. It is also 
of interest that two groups of mice given cor- 
tisone (5 or 15 mg) had demonstrable pul- 
monary virus 7 days after challenge, in con- 
trast to mice injected with saline, who were 
found to have none. Thus, cortisone in large 
doses may lower acquired host resistance to 
allow viral multiplication, and result in the 
appearance of manifest disease, as well. 

Discussion. To the author’s knowledge the 
present study is the only published investiga- 
tion which describes inhibition by cortisone of 
antibody formation during infection. A study 
by Kass et al.(10) with a virulent influenza A 
strain failed to demonstrate humoral antibody 
in either control or cortisone-treated mice 6 
days after inoculation—leaving the question 
of antibody inhibition unanswered. Studies 
of streptococcal infection in rabbits(5) and 
man(6) have shown no suppression of anti- 
streptolysin O formation with cortisone. Ger- 
muth e¢ a/.(11) found no interference by cor- 
tisone with the development of an immune 
response to pneumococcal infection of the 
rabbit, but made no study of circulating anti- 
body. 

The demonstration in the present study 
TABLE Il. Effect of Varving Doses of Cortisone 
on Formation of Hemagglutination-Inhibiting An- 


tibodies in Mice Infected with Influenza A (FM-1) 
Virus. 


Serum from mice inj. with: 


Cortisone Antibody 
(ng) Virus* titerst 
0 + 64 
Dees + 32 
0 0 <8 
SD <3 0 <8 
2.5 q 3d X 6 s <8 
OP IBID), 


_ + Reciproeal of highest dilution of serum whieh 
inhibited hemagglutination with 8 hemagglutinat- 
ing units of virus. 
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TABLE III. Effect of Cortisone on Aquired Active Immunity against FM-1 Virus; Challenge 
of Immunized Mice with Virulent Virus. = 
———————————————S>->-eeeEeEEe———————————— 
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c Day 1 c Day 14 ~ Se Ee 
2 Lesions, 
Perit Cortisone maximum Virust 
Initial inoculation Challenge inoculum* (mg) D/Tt score(%) in lungs 
FM-1 (1st mouse pass. ) FM-1 (29th pass.) 5 0/6 10 a= 
ae i 0 a 0 0 
Z a 5 X 39 - 33 ar 
Saline FM-1 (29th pass.) 0 4/6 72 
i 8 5 4/5 80 
FM-1 (1st mouse pass.) Saline 0 0/6 3 0 


* 10° MIDso. 
eggs; 


that antibody suppression is dependent on cor- 
tisone dosage suggests an explanation for the 
inhibition of antibody formation noted here 
but not observed by others. Species difference 
would not appear to be an important factor in 
view of evidence of profound inhibition by 
cortisone in the rabbit of antibody formation 
to non-multiplying antigens(3,4). 

The present study has demonstrated that 
cortisone may suppress the formation of anti- 
body during the course of a viral infection, 
and further, that the immunity conferred by 
infection may be partially surmounted by ad- 
ministration of cortisone with a challenge in- 
oculum. However, reduction in pre-existing 
acquired immunity is effected by cortisone 
dosages inadequate to suppress antibody for- 
mation. Thus, the persistence of pulmonary 
virus and the induction of pneumonia in im- 
mune mice given cortisone cannot be ascribed 
to effects on circulating antibody. These find- 
ings are in accord with previous observations 
that 1) lethal infections may be rapidly in- 
duced with cortisone in naturally resistant 
hosts(5,12) and 2) that increased viral mul- 
tiplication and mortality may be effected by 
cortisone in a host (the chick embryo) incap- 
able of demonstrable antibody formation(13). 

It is conceivable that the demonstrated 
multiplication or persistence of virus in an 
immune host may be explicable on the basis of 
cortisone-induced reactivation of pre-existing 
pulmonary virus, but thus far the phenomenon 
of viral reactivation with cortisone has been 
studied only in the chick embryo(14). 

Summary. 1) The formation of neutraliz- 
ing and hemagglutination-inhibiting antibod- 
ies was suppressed by cortisone administered 


+t No. of dead mice/total in group. 
0, 10° lung suspension does not infect eggs. 


¢{ +, 10° lung suspension infects 

§ On days 138, 14, 15. 

during infection of mice with influenza A 
viruses. 2) Suppression of antibody was de- 
pendent on prolonged administration of corti- 
sone and was not effected by large doses given 
at the onset of infection. 3) Acquired active 
immunity induced by infection of mice with 
avirulent virus was partially surmounted by 
administration of cortisone with a challenge 
inoculum of virulent virus. 4) Cortisone in 
doses insufficient to suppress antibody forma- 
tion induced lesions and persistence of pul- 
monary virus following challenge of mice with 
previously acquired immunity. 
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Penicillin V (phenoxymethyl penicillin), 
because of its stability at low pH ranges, its 
low solubility in an acid medium and rapid 
conversion to the water soluble salt at neutral 
or alkaline pH, has been suggested as possibly 
superior to penicillin G for oral administra- 
tion(1-3). The available information con- 
cerning penicillin V was reviewed recently by 
Jones and Finland(4) who, in a controlled 
study, compared the penicillin activity in the 
plasma of normal subjects following ingestion 
of single tablets of 200,000 units of penicillins 
Gand V. They found that penicillin V pro- 
duced higher and more prolonged blood levels 
than did penicillin G as judged by the anti- 
streptococcal and antistaphylococcal activity 
of the plasma, particularly when the doses 
were taken after a meal. They also showed 
that the numerical value assigned to the con- 
centration of penicillin in plasma depends on 
the strain used in the assay and on the type 
of penicillin (7.e., V or G) in the standard 
solution employed as the control from which 
the concentrations are computed. Wright et 
al.(5) also showed that differences found by 
microbiological assay methods depend mainly 
on the assay organism but also on the medium 
used for the dilutions. They too found con- 
siderably higher blood concentrations from 
penicillin V than from the same 200,000 unit 
dose of penicillin G given orally, and, in addi- 
tion, they showed that twice as much of peni- 
cillin V is excreted as the active form in the 
urine. 

The present paper presents further com- 
parisons of levels of penicillin in plasma re- 
sulting from the same amounts of penicillins 


* Aided by grant from the National Institutes of 
Health. Authors are indebted to Dr. Edward F. 
Roberts of Wyeth Laboratories for the supply 
of penicillin V tablets and to E. R. Squibb & Sons 
for tablets of buffered penicillin G (Pentids). 


V and G given orally at various dosage levels, 
and these, in turn, are compared with levels 
obtained from intramuscular injection of the 
same amount of penicillin G. 

Materials and methods. The subjects were 
8 normal young men and 24 ward patients, 
3 of whom were women; their ages ranged 
from 15 to 86 (avg 50 yr) and their weights 
ranged from 40 to 95 kg (avg 66 kg). None 
had recently received any antimicrobial 
agents. All had grossly normal renal function 
as judged by routine clinical laboratory tests 
except one who had renal insufficiency with 
nonprotein nitrogen levels ranging as high as 
145 mg%. All were able to and did ingest 
normal quantities of food and liquids, but the 
intakes were not controlled. Three dosage 
forms of penicillin were used, viz. (1) the 
free acid of penicillin V in 200000 unit tab- 
lets, (2) buffered potassium penicillin G 


- (“Pentids,”’ Squibb) in 200000 unit tablets, 


and (3) aqueous potassium penicillin G in- 
tramuscularly. These were given at 3 dosage 
levels, viz. 200000 units, 400000 units and 
1000000 units; individual doses were sepa- 
rated by at least 48 hours. Every dose was 
given 1% hr after breakfast. All subjects re- 
ceived both penicillin V and G orally at least 
at one and the same dosage level and many 
also received an i.m. injection of the same 
number of units of penicillin G. Three of the 
young men received all 3 dosage forms at all 
3 levels, and 5 subjects, including these 3, 
received all 3 dosage forms at each of the 3 
levels. Assays for penicillin in plasma were 
done by the 2-fold dilution method in broth 
as in the previous study(4) except that only 
Strep. 98 was used as the assay organism 
and the numerical values assigned were based 
only on comparisons with a standard of peni- 
cillin G. As in the previous study (4), graphic 
comparisons will be based only on the maxi- 
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mum dilutions of plasma which inhibit Strep. 
98; in these studies the standard solution of 
1 »g/ml of penicillin G inhibited the test 
strain at a dilution of 1:128, and 1 yg of the 
solution of penicillin V inhibited at 1:64. 
Blood for the assays was obtained before 
each dose and 1, 2, 4 and 6 hours after the 
dose in every instance, and also 8 hours after 
the 1 million unit dose. All specimens of 
plasma taken immediately prior to a dose 
showed no detectable penicillin activity. 
Results. Comparative Levels in the Same 
Subject. The levels of antistreptococcal ac- 
tivity obtained in the plasmas of 5 subjects 
who received all 3 dosage forms at the same 
dosage level are shown graphically in Fig. 1. 
The letters in each panel identify the sub- 
jects. It is seen from this figure the relative 
levels of penicillin activity in plasma obtained 
from the 3 dosage forms varied with the dose. 
In general, i. m. penicillin G produced higher 
peak levels more rapidly than the other forms. 
With the dose of 200000 units these were not 


Sloss 4 6 
SINGLE D.0'S'E 


Plasma penicillin levels in same subjects after same dose of penicillin given as: 
), buffered penicillin G orally (~——), and penicillin G intramuscularly 


-). 


as well sustained as from oral penicillin V, 
whereas with the higher doses they were bet- 


TABLE I. Average Concentrations of Penicillin 
in the Same 5 Subjects after the Same Dose of 
Penicillin Given in 3 Forms. 


Doce Hr m———Dosage form -—— 
units* after Penicillin Penicillin PenicillinG, 
(X 1000) dose G,orally V,orally intramuse. 


Avg levelt in plasma, ug/ml 


200 il 22 a2 1.63 
2 silt 30) 3 
| 018 al® .06 
6 .005 046 0 
400 il 99 AT 7.5 
2 93 1.8 BON 
4 40 1.05 1.40 
6 .20 22 70 
1000 1 1.01 1.16 7.0 
2 1.4 2.69 6.07 
4 39 1.40 2.53 
6 lal .29 82 
8 05 08 26 
* 200000 units = approximately 120 mg penicil- 
lin, either as G or V. 
+ Determined by broth-dilution method using 


Streptococcus 98, and comparing with a penicillin 
G standard solution. 
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FIG. 2. Effect of age on levels of penicillin in plasma after oral penicillin V. Subjects 60 yr 
old and over (left) compared with those under 60 (right). 


ter sustained and at higher levels. Calcula- 
tions of the areas (“dilution-hours”) under 
the curves following the 200000 unit doses 
showed no significant difference between oral 
penicillin V and im. penicillin G (P= 
>0.1), but the differences between both of 
these and the values for oral penicillin G were 
significant (P= <0.02 in each instance). 
After the 400000 unit doses, the levels were 
more or less uniformly higher with i. m. peni- 
cillin G than after oral penicillin V, and these 
in turn were higher than those following oral 
penicillin G. Calculations of the areas under 
these curves, however, yield values that are 
not statistically significant; this is due, in 
large part, to the fact that plasma-penicillin 
levels were not obtained after 6 hours and 
these are not readily extrapolated. On the 
other hand, 1 million units of i. m. penicillin 


G gave the highest levels of penicillin activity 
throughout, and oral penicillin V yielded 
higher levels than oral penicillin G. In this 
instance, the differences between the areas 
under the curves are statistically significant 
in every instance. 

The average plasma penicillin levels, cal- 
culated as penicillin G, are shown in Table I; 
they show the same differences that are re- 
flected in Fig. 1. 

Effect of Age. Since a number of the sub- 
jects were in the older age group, an attempt 
was made to determine the effect of this fac- 
tor on the levels of penicillin in the blood. 
This was done only for oral penicillin V. The 
data are charted in Fig. 2. For all 3 dosage 
levels, the penicillin activity in the plasma of 
the subjects over 60 years old rose more 
slowly, achieved a peak later, and thereafter 
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Penicillin levels in plasma following administration of penicillin V orally (center) 


compared with penicillin G, orally (left) and intramuscularly (right). The large dots represent 
subjects who received all 3 dosage forms at the stated intervals. 


were sustained better than in the younger 
ones. This may be a reflection of differences 
in renal function. This figure also shows the 
areas (dilution-hours) under the curves of the 
plasma penicillin levels; these values and 
their means were higher in the older subjects 
at each of the 3 dosage levels. 

Further Comparisons of the 3 Dosage 
Forms. The levels of penicillin in plasma ob- 
tained in all the subjects studied and the 


mean values for each dosage form at each 
dose level are charted in Fig. 3. In this fig- 
ure the large dots represent the values in the 
subjects for whom data are available for all 
3 forms at the stated dose levels. At the 
right are also shown the areas or “dilution- 
hours” under the curves of the plasma penicil- 
lin levels and the means of these values. Here 
again it is seen that penicillin V is superior 
to penicillin G at each dose level. The dose of 
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200000 units of i. m. penicillin G gave higher 
and earlier peak levels but these were less 
sustained than from oral penicillin V; the 
average number of dilution-hours, however, 
was quite similar for these 2 forms at this 
level, and these were both greater than from 
oral penicillin G. After doses of 400000 units 
and 1000000 units, on the other hand, i. m. 
penicillin G gave the highest and best sus- 
tained levels and oral penicillin V gave higher 
and better sustained levels than oral penicil- 
lin G; these differences are reflected in the 
number of dilution hours of penicillin in the 
plasma. 

Summary. Oral penicillin V gave higher 
and better sustained levels of penicillin ac- 
tivity in the plasma than oral buffered potas- 
sium penicillin G at each of 3 dosage levels, 
viz. 200000, 400000 and 1 million units. In- 
tramuscular penicillin G yielded higher and 
better sustained levels than oral penicillin V 
in equivalent doses given at levels of 400000 
or 1 million units. An i. m. dose of 200000 
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units of penicillin G produced higher peak |f 


levels and these occurred earlier but they |} 


were less well sustained than with this 
amount of oral penicillin V; the total amount 
of penicillin absorbed from this amount of 
penicillin was not significantly different for 
these 2 dosage forms. Persons over 60 years 
of age attained peak levels later; in general 
they had higher and better sustained levels of 
penicillin in the plasma from any given dose 
than did younger individuals. 
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Effect of Dietary Protein and Energy on Chick Liver Fat Accumulation.*t 
(22138) 


G. A. Donovan} Anp S. L. BaLLoun. 


(Introduced by R. M. Melampy.) 


Department of Poultry Husbandry, Iowa State College, Ames. 


Best and Huntsman(1) discovered that a 
dietary deficiency of choline resulted in an 
excessive accumulation of fat in rat livers. 
Later work, Harper e¢ al.(2) indicated that 
such compounds as glycine, serine, methionine 
and betaine, which may function as choline 
precursors, are able to reduce the level of liver 
fat in rats on choline-free diets. Channon and 
Wilkinson(3) and Best and Huntsman(4) 
suggested that the deposition of liver fat might 


* Part of thesis by senior author in partial ful- 
fillment of requirements for degree Doctor of 
Philosophy, Iowa State College. 

t Journal Paper No. J-2839 of the Iowa Agri. Exp. 
Station, Ames. Project No. 1062. 

t Present address: Agricultural Research and De- 
velopment Department, Chas. Pfizer Co., Terre Haute, 
Ind. 


TABLE I. Basal Diet for Preliminary Period. 


Ingredient % 
Glueose ‘5ae 
Soy protein* 31.6 
Soybean oil 4.0 
Cellulose 3.0 
Methionine 5 
Mineral mixt ‘555 
Vit.-antibiotic mixt 140) 

Total 100.0 


* Drackett Assay Protein O-1. 

t Provides per Ib diet: NaCl 0.5%, Ca 1.6%, P 
0.88%, K 1.3 g, Zn 1.08 mg, Mn 33.3 mg, Fe 30.6 
mg, Co 0.6 mg, Cu 1.2 mg, Mg 300 mg, and I 5.0 
mg. 

{ Provides per Ib diet: Vit. A 4000 I.U., Vit. D, 
500 I.C.U., alpha-tocopherol 7.0 mg, menadione 0.6 
mg, choline Cl 868 mg, inositol 455 mg, niacin 45 
mg, calcium pantothenate 10 mg, riboflavin 3.6 mg, 
pyridoxine-HCl 2.7 mg, thianine-HCl 1.8 mg, folic 
acid 1.4 mg, p-amino benzoie acid 0.9 mg, biotin 
90 wg, vit. By 6 wg, penicillin 4 mg. 
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TABLE II. Experimental Diets. 
Calculated dietary protein level 
14 18 22 26 30 14 18 22 26 30 
* Ingredient Low energy* High energyt 
Glucose Oe.o 47.6, 4259" 23853) 33.5 66.6 61.6 564 51.4 46.2 
Soy protein Nee PA etal | BHOKS) Says) Woh PA Pal XU) sya 
Soybean oil 1.0 1.0 1.0 1.0 1.0 HOM MO ay GO aL 
Cellulose 23:8 28.2 238.0 22.8 29.7 
Methionine 5 m9) 5 5 5 5 5 5 5 a) 
Mineral mixt BS D.D 5.5 5.5 15945) 5.5 5 55 55) B35) Deo 
Vit.-antibiotic mix 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
* Calculated to contain 720 C/lb productive energy. : 
Wy a ze ” 1055 C/Ib Ae cs 
+ Minerals supplied as in Table I. 
§ Vitamins and antibiotie supplied as in Table I. 


be linked to protein metabolism. In this re- 
spect Eckstein(5) found that only methionine 
exhibited a lipotropic effect when each of the 
10 essential amino acids was incorporated 
singly into a choline-free diet. Threonine(6) 
has been shown to exhibit a lipotropic effect 
when incorporated into a casein diet complete 
in all known nutrients, but this phenomenon 
may have occurred because of the low biologi- 
cal availability of threonine in casein(7). 
The data of Winje ef al.(8) support this con- 
ception. Recently Lucas and Ridout(9) sub- 
stantiated the suggestion of Harper e¢ al.(2) 
that the level of protein in the diet has an in- 
fluence on the accumulation of fat in the livers 
of rats. They reported a larger percentage of 
fat in the livers of rats on methionine-supple- 
mented low-protein diets than in the livers of 
rats on diets higher in protein. As far as the 
authors are aware, no such effect on liver fat 
has previously been reported for the chick. 

The purpose of this investigation was to 
study the effect of dietary protein and energy 
levels on the accumulation of fat in the livers 
of chicks. 

Methods and materials. Eighty day-old 
chicks were maintained on a_ nutritionally 
complete basal diet (Table I) for 10 days 
after which they were randomly assigned to 
40 pens containing 2 birds per pen. At this 
time 4 pens were allotted to each of the 10 
experimental diets (Table II) under a re- 
stricted randomized block design. The ex- 
perimental feed, except that which was in the 
feeders, was kept refrigerated at 38°F during 
the experimental period. The birds were 


maintained in thermostatically controlled bat- 
teries with feed and water supplied ad libitum 
during the experimental period. After 10 
days on the experimental diet the birds were 
sacrificed and their livers were removed and 
frozen at —20°F. The livers from the birds 
in each pen were pooled, washed of adhering 
blood and fatty tissue and blended in a 
Waring Blendor. The resulting homogenous 
mixture was dried for 16 hours at 212°F and 
then ground for analysis. Crude fat deter- 
minations were made according to the 
A.O.A.C.(10) method. 


Results. The data in Table III indicate 
that the energy level of the diet apparently 
had no marked effect on the chick liver fat. 
A statistical analysis of the data indicates a 
significant linear response and a significant 
quadratic response in percent liver fat due to 
dietary protein level changes on the high 
energy diets and the low energy diets, respec- 
tively. As shown in Fig. 1, this suggests that 
the amount of fat in the liver is inversely re- 
lated to the protein level of the diet. 


Discussion. Chicks consuming a high fat 
(10%) diet accumulated no more fat in their 


TABLE III. Effect of Energy Level of Diet on 
Response to Protein Level Increments. 


Liver fat (%) 
High energy diet Low energy diet 
(1055 eal/Ib) (720 cal/Ib) 


Level of 
proteim in 


diet (%) 


12.35 


14 13.35 
18 13.76 13.58 
22 11.25 13.24 
26 10.57 tae) 
30) 10.20 


10.54 


CHICK LIVER FAT (%) 


@———_-e HIGH ENERGY DIET (1055 CAL./LB) 
o— — -oLOW ENERGY DIET (720 CAL./LB) 


14 18 ee 26 30 
DIETARY ®ROTEIN (%) 


FIG. 1. Effect of high and low energy diets on 
liver fat content with relation to protein level in- 
crements. 


livers than those consuming a low fat (1%) 
diet. This indicates that dietary fat per se 
was not deposited in the chick’s liver to any 
great extent. Harper e¢ al.(2) reported a 
similar effect in rats. 


The present work reveals that over a spe- 
cific (14 to 30%) range there is an inverse 
relationship between the level of protein in 
the diet and the amount of fat deposited in 
the chick’s liver. These results are in agree- 
ment with those of Lucas and Ridout(9) with 
rats. The diets in the present study were suf- 
ficient in all nutrients known to be required 
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by the chicks, and these, as well as the energy | 


content of the diet, were held approximately |} 


constant over the range of dietary protein 
levels tested. In most of the previous work 


using the rat, these extraneous variables had }} 


not been as closely controlled. 
It is apparent from these data that protein | 


exerts a lipotropic effect not directly involving | 


its choline or choline precursor content. 
Summary. The present work reveals that 


over a range of protein levels from 14 to 30% | } 


there is an inverse relationship between the 
level of protein in the diet and the amount of | H 
fat deposited in the chick’s liver. The dietary |} 
energy level does not appear to influence the 
chick liver fat level. 
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Serum Sodium Concentration of Hypertensive Rats: Relation to NaCl 


Intake, Blood Pressure and Age.* 


(22139) 


M. J. Frecty, F. E. YATes,t anp E. M. Lanois. 
Department of Physiology, Harvard Medical School, Boston, Mass. 


Alterations of sodium metabolism have been 
studied intensively in both experimental and 
clinical hypertension. Among the deviations 
from normal are changes in total body sodium 
(1), extracellular fluid volume(2), sodium 
and water contents of aortic walls(3), as well 
as plasma and serum sodium concentration. 
With respect to the last, results have ranged 
from no apparent change in a very small num- 
ber of experimentally hypertensive rats(1) to 
slight but definite increases in larger numbers 
of hypertensive rats(4) and of hypertensive 
patients(5). In addition, a relative aversion 
to NaCl, together with polydipsia and poly- 
uria, has been observed in rats made hyper- 
tensive by bilateral renal encapsulation with 
latex envelopes(6-8). The mechanisms by 
which this relative NaCl aversion is associated 
with the induced perinephritis and experi- 
mental hypertension are still unclear. An ele- 
vated serum Na concentration in hypertensive 
rats might conceivably be one factor in this 
relative aversion. 


With this possibility in view, the studies 
now reported were done to determine (a) 
whether serum Na concentration is increased 
in rats with established hypertension, (b) 
whether differences in serum Na concentration 
can be related to known differences in volun- 
tary NaCl intake and/or to systolic blood 
pressure and (c) whether age at encapsulation 
affects serum Na concentration. It has been 
shown previously that age at encapsulation is 
one of the factors affecting NaCl aversion(8). 


Methods. Male rats of the Sprague-Daw- 
ley strain, and of similar ages, were kept in 
individual cages in a thermoregulated room 
maintained at 25 -+ 1°C, illuminated from 


* This research was supported in part by research 
grants H-449 and H-1578 from the National Heart 
Institute, National Institutes of Health, Public Health 
Service. 

+ Work done during tenure of a Life Insurance 
Medical Research Fund Fellowship. 


8 a.m. to 6 p.m. They were made hyperten- 
sive by enclosing both kidneys in latex rubber 
capsules(9). A group of 31 normal rats 
(series I) served as controls. In 23 rats 
(series II) renal encapsulations were done 
when they were 50 to 90 days old; in 14 rats 
(series IIT) when they were 126 to 165 days 
old. At least 3 months were allowed for de- 
velopment of hypertension(8). All rats were 
sacrificed when approximately 300 days old. 
Prior to sacrifice, ad libitum intakes of tap 
water, .15 M NaCl solution and Purina lab- 
oratory chow were measured in 27 rats for 5 
days as described earlier(8). Blood pressure 
was measured by microphonic manometer (10) 
but without anesthesia(7). At the end of the 
5th day the rats were lightly anesthetized by 
ether inhalation and their necks were carefully 
shaved. On the 7th day groups of normal and 
hypertensive rats were sacrificed by guillotine 
decapitation without anesthesia and 5 to 6 ml 
of blood were collected directly in test tubes 
by free flow from the neck vessels without 
anticoagulant. During collection, the shaved 
skin of the neck was retracted to prevent con- 
tamination of the collected blood by Na from 
skin or hair. The blood was centrifuged, the 
serum separated and analyzed for Na by a 
lithium internal standard Baird flame photom- 
eter model number DB2. Sera were diluted 
1:100 (using pipettes whose delivery volume 
was individually checked) in order to provide 
concentrations within the range of maximum 
accuracy of the photometer (1.0 to 1.5 
mEq./L). Dilutions were made with Na-free 
distilled water in 100 ml volumetric flasks at 
22°C. Each serum sample was bracketed by 
at least 2 standard solutions, with one Na 
concentration above and one below the un- 
known. To determine the precision of the 
photometer and analytic procedure in general, 
several aqueous test solutions of NaCl were 
analyzed. Two were prepared gravimetrically 
from desiccated NaCl by one of us and ana- 
lyzed as unknowns by another. Two com- 
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SERUM Na CONCENTRATION 


mEq./liter 
FIG. 1. Frequency distribution of serum Na con- 
centrations (mEq./L) of control and hypertensive 
rats. 


mercially prepared standard solutions+ of 
highest accuracy were also analyzed. Typical 
of these tests are 3 analyses of standards con- 
taining 150.3, 100.0 and 5.0 mEq. Na/L 
which were diluted for analysis 1:100, 1:100, 
and 1:5 respectively to be in the range of the 
diluted serum Na. These analyses yielded, in 
duplicate determinations, final figures of 
149.6 and 149.9, 100.0 and 100.0, 5.0 and 5.0 
mEq./L respectively. Hence, if each un- 
known was bracketed by 2 standards, read at 
least twice and calculated from a separate 
calibration curve, the precision of the photom- 
eter in the range of serum Na concentration 
was +-0.5 mEq./L. This precision agrees with 
that reported by others(5). Fisher’s test for 
significance of differences between means was 
used for statistical comparison of data from 
any 2 groups(11). 


Results. Fig. 1 shows the range and dis- 
tribution of serum Na concentrations ob- 
served in (A) control rats (B) hypertensive 
rats following encapsulation at 50 to 90 days 


+ We are grateful to Mr. Sage and Mr. Lightfoot 
of Baird Associates, Cambridge, for a sample of their 
reference standard solution. The second solution 
was a standard for flame photometry and spectro- 
photometry prepared by Hartmann Leddon Co., 
Philadelphia, Pa. 
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i 
i) 
| 
| 


of age and (C) hypertensive rats following 
encapsulation at 126 to 165 days of age. 
Serum Na concentrations tended to be |j 
slightly higher than normal in those rats that | 


were made hypertensive by encapsulation }f , 


while still relatively young (Fig. 1B). As] 
shown in Table I this difference, in terms of | 
mean serum Na concentration, was 2.1. 
mEq./L. and was statistically significant (P |} 
<.01). On the other hand, rats made hyper- | 
tensive by renal encapsulation at 126 to 165 } 
days of age had a mean serum Na concentra- |} 
tion which was within the normal range (Fig. | 
1C and Table I). 


The mean ad libitum intake of NaCl in the | 
form of .15 M NaCl solution by normal rats }f 
in this study was 8.2 + 1.9 ml/100 g 
B.W./day. For hypertensive rats encap- 
sulated at 50 to 90 days of age the corre- 
sponding figure was 3.0+ 0.8 ml/100 g 
B.W./day, showing a highly significant re- 
duction (P<.01) in agreement with a num- 
ber of earlier comparisons(6-8). It is tempt- 
ing to consider the lower NaCl intake simply 
a direct effect of the higher serum Na con- 
centration but such an inference is not justi- 
flable. Figure 2 shows the individual in- 
takes of .15 M NaCl solution plotted against 
serum Na concentrations of the corresponding 
rats (closed circles for controls, crosses for 
hypertensive rats). The linear correlation in 
this plot based on individual rats is not good 
(r =-—45, P<.05). Hyperbolic, parabolic, 
logarithmic and exponential functions did not 
fit the data any better than the simple linear 
regression equation. Thus, as a group, rats 
encapsulated at 50 to 90 days of age pre- 
sented a significant NaCl aversion together 
with a slight but significant increase in serum 
Na concentration. Yet in these same rats, 
considered singly, no close relationship ex- 
isted between individual serum Na concentra- 
tions and their individual NaCl intakes (Fig. 
2s 

Mean systolic arterial blood pressures in 
the 3 groups were 138 (control, Series I), 
188 (Series II) and 206 (Series III) mm. 
Hg respectively. The last two values were 
significantly higher than the control value 
(P<.01), but did not differ significantly 
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TABLE I. Effect of Age at Encapsulation on Serum Na Concentration and Blood Pressure of Normal 
and Hypertensive Rats. wr 
———— ee eee 
—————_—J=== 
Mean age at Mean post- Mean age at 


Serum Na Systolic 


. No. of encapsula- operative sacrifice No. of cone. blood pres. 
Series tion (days) age (days) (days) rats (mEq./L)* P (mm Hg) 12 
Control I ue = 350 31 143.04 44 igs 2 
(268-442) } 
Hypertensive II 63 246 309 O30 apie oe) ae 7 Ul 
( 50- 90) (160-330) (280-380) 
=a <<a () , .20 
iTatay 150 140 290 14 142.6 + .7 206 + 11 
(126-165) (104-176) (268-345) 
* Hach datum can be measured with an accuracy of + .5 mEq./liter but can be read from ‘a calibra- 


tion curve with a precision of +.1 mEq./liter. For purposes of statistical computation the data are 
tabulated here with 1 more figure than is significant, and the final figure for the mean should be rounded 


off. 
+ stand. error of the mean. 
Range. 


' 
: 
from each other (P = .20) and by this cri- 
terion the rats of series II and III were 
equally hypertensive. Yet serum Na concen- 
trations were elevated in one group and nor- 
mal in the other (Fig. 1, Table I). In both 
groups plots of individual serum Na concen- 
trations and individual blood pressures (not 
shown) revealed no close correlation. 

Since all groups of rats were sacrificed at 
approximately the same age, it is evident that 
those whose kidneys were encapsulated when 
young were hypertensive somewhat longer 
than those whose kidneys were encapsulated 


20 


INTAKE OF 
15 M NoCl iy 
SOLUTION 


(m1.7100 gm. BW/day) 


138 140 142 144 146 148 150 152 
SERUM Na CONCENTRATION (mEq./liter) 


FIG. 2. Individual intakes of .15 M NaCl solution 

plotted against individual serum Na concentrations 

of control rats (dot) and rats made hypertensive 
while young (xX). 


later in life. Inasmuch as the young group 
was the one with elevated mean serum Na 
concentration, a possible relation between 
duration of hypertension and serum Na con- 
centration was sought (Fig. 3). Earlier ob- 
servations have shown that blood pressure is 
maximally elevated in both old and young 
rats within 70 days after bilateral latex en- 
capsulation of the kidneys and that the 
earliest rise is detectable within 14 davs(8). 
Therefore, it was possible to express approxi- 
mately the duration of hypertension by the 
number of days between the time of operation 
and the time of sacrifice for both hypertensive 
groups (Fig. 3). No close correlation could, 
however, be established between serum Na 
concentration and the duration of hyperten- 
sion. 

Discussion. The slight, but significant, ele- 
vation of serum Na concentration in rats 
made hypertensive when young parallels the 
findings of Holley et al.(5) in human essen- 
tial hypertension and also those of Laramore 
and Grollman(4) in experimental hyperten- 
sion in rats with figure of eight ligatures 
around the kidneys. In the 2 earlier studies, 
however, age at onset of hypertension and 
duration of hypertension were not considered 
with reference to serum Na concentration. 

In the present observations, rats whose 
kidneys were encapsulated when young (SO 
to 90 days) had a slightly higher mean serum 
Na concentration while those whose kidneys 
were encapsulated when older (126 to 165 
days) presented a normal distribution of 
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DURATION OF HYPERTENSION (DAYS POST-OPERATIVE) 


FIG. 3. Serum Na concentration plotted against duration of hypertension for individual rats 
aged 50 to 90 days (x) and 126 to 165 days (A) at encapsulation. 


serum Na concentrations. A previous study 
(8) showed that renal encapsulation of 
younger rats also led to earlier and more 
definite sodium aversion than did encapsula- 
tion later in life. Yet the grade of hyperten- 
sion was similar with early and late encap- 
sulation. In terms of individual rats, the 
study reported here has revealed that serum 
Na concentrations could not be related con- 
sistently to the grade of Na aversion, to 
height of blood pressure, or to duration of 
hypertension. 

It appears, therefore, once more that de- 
tailed studies support previous inferences that 
certain general changes in Na metabolism oc- 
cur in association with the experimentally hy- 
pertensive state under some conditions. Yet 
a close relationship is not established and 
further studies are needed to explore possible 
mechanisms by which the two may conceiv- 
ably be linked. 

Summary. Encapsulating both kidneys of 
young rats (50 to 90 days) in molded latex 
envelopes produced hypertension and _ ele- 
vated their mean serum Na _ concentration 
slightly (2 mEq./L.) but significantly above 
that of control rats. The same procedure in 
older rats (126 to 165 days) produced similar 


hypertension but mean serum Na concentra- 
tion remained within normal limits. 


The authors are indebted to Miss Cynthia S. Cook 
for technical assistance and to Mr. Franklin W. 
Smith for drawing and photographing the figures. 
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Effect of Cholinesterase Inhibitors on Electrolyte Distribution in vivo. 


(22140) - 


Joun M. WELLER,* THomas J. Mrranpa, Morton LEVINE, AND GUSTAVE FREEMAN. 


Clinical Investigation Branch, Medical Laboratories, Army Chemical Center, Md. 


Mechanisms governing the metabolism of 
electrolytes at the cellular level remain ob- 
scure. It is not known how cells maintain 
high concentrations of potassium in the face 
of constant interchange of potassium between 
intracellular and extracellular compartments. 
Potassium metabolism may be related to both 
carbohydrate and acetylcholine metabolism. 
Observations concerning potassium and 
acetylcholine have been made in vitro on red 
cells, nerve and muscle. Greig and Holland 
reported increased permeability of dog eryth- 
rocytes due to cholinesterase inhibitors(1). 
They suggested that cholinesterase activity 
maintained the selective permeability(2). 
Other investigators found no direct correla- 
tion between inhibition of cholinesterase ac- 
tivity and breakdown of the cellular potas- 
sium concentration gradient in the human red 
cell(3). Recently it has been shown that 
this erythrocyte synthesizes insufficient 
acetylcholine to provide energy for accumula- 
tion of potassium(4). The relationship be- 
tween cholinesterase and potassium during 
neural conduction or muscular contraction 
would appear to be even more complex. 
Nachmansohn concluded that acetylcholine 
increased permeability of nerve membranes 
(5). Cholinesterase inhibitors increase the 
rate of entry of sodium into squid axon and 
decrease that of potassium(6,7). Holland, 
Dunn and Greig found that acetylcholine 
caused a loss of potassium from auricular 
muscle which is reversed by physostigmine 
(8). They felt that the metabolism of acetyl- 
choline may be correlated with the transfer 
of sodium and potassium. However, Fenn 
and co-workers found that acetylcholine 
caused a small liberation of potassium from 
muscle, probably due to contraction, and con- 
cluded that acetylcholine did not control po- 
tassium transfer(9). Little information is 


* Present address: Department of Internal Medi- 
cine, University Hospital, Ann Arbor, Mich. 


available concerning im vivo interrelationships 
of cholinesterase and potassium. In acute 
experiments cholinesterase inhibitors in lethal 
doses cause hyperkalemia(10). However, 
this occurs in association with anoxemia and 
acidosis. It was felt that repeated sublethal 
doses of cholinesterase inhibitors would ob- 
viate these alterations and, at the same time, 
induce chronic disturbance of acetylcholine 
metabolism. It was not known if the loss 
of cellular potassium due to cholinesterase 
inhibitors im vitro could be reproduced in vivo. 
If this occurred a diet deficient in potassium 
would impose an impediment to the replen- 
ishment of cellular potassium. The following 
studies were carried out to determine the ef- 
fect of cholinesterase inhibitors on tissue elec- 
trolytes in vivo. 


Methods. Male Wistar rats weighing 100 
g¢ were given a low potassium diet (0.5 mM 
potassium per 100 g diet) composed of casein, 
24%; glucose, 62%; corn oil, 8%; and salt 
mixture, 6%(11), plus a daily vitamin sup- 
plement of 1/100th of a capsule of Tycopan 
(Lilly). Distilled water was partaken ad lib. 
Additional rats were given sufficient supple- 
mentary potassium (as KCl) to bring the po- 
tassium content of their diet to 0.4%; these 
are referred to as normal potassium rats. 
Anticholinesterase compounds were adminis- 
tered to potassium deficient and normal po- 
tassium rats as follows: Group Al was com- 
posed of control rats injected with 0.5 ml iso- 
tonic saline and rats injected with 0.05 mg 
diisopropylfluorophosphate (DFP) in 0.5 ml 


isotonic saline; and Group B was composed 


of potassium deficient controls injected with 
0.5 ml propylene glycol and rats on both 
types of diet injected with 0.15 mg p-nitro- 
phenyldiethylthionophosphate (Parathion) in 
0.5 ml propylene glycol. In these groups sub- 
cutaneous injections were given twice weekly 
starting 27th day of diet. Rats were sacri- 
ficed on 44th, 49th and 71st days. An addi- 
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tional series of potassium-deficient rats 
(Group A2) was composed of controls given 
0.5 ml isotonic saline and rats given 0.05 mg 
DFP twice weekly for 8 weeks, then 0.10 mg 
twice weekly for 2 weeks, then a final dose of 
0.25 mg. The last injection was followed 
immediately by muscular tremors. This group 
of rats was injected starting the 5th day of 
diet and sacrificed on 76th day. No rat was 
sacrificed prior to 24 hours after an injection. 
Rats were weighed weekly. Red cell cholin- 
esterase determinations were done by the 
method of Michel(12) on blood obtained 
from the tip of tail. Rats were killed by a 
blow on head, blood obtained by cardiac 
puncture, and samples of thigh muscle and 
liver were removed. The hematocrit; plasma 
water, sodium, potassium and chloride; and 
skeletal muscle and liver water, fat, potas- 
sium, sodium and chloride were determined 
according to previously described methods 
(13), except that sodium and potassium were 
determined by flame photometry. 


Results. Body weight. After the first 10 
days of potassium-deficient diet the rats had 
a decreased rate of gain in weight compared 
with those on normal potassium diet. Ad- 
ministration of DFP and Parathion did not 
alter rate of gain. 

Cholinesterase activity. Fig. 1 shows red 
cell cholinesterase activity. Rats given Para- 
thion had a moderate reduction in cholines- 
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DAYS (FROM FIRST. INJECTION) 
FIG. 1. Cholinesterase levels of red cells in rats 


given repeated injections of cholinesterase inhibi- 
tors (values expressed as % of the mean of 11 de- 
terminations on control potassium-deficient rats). 


CHOLINESTERASE INHIBITORS AND ELECTROLYTES 
| 
} 


terase activity and those given DFP had aly 
marked reduction. There was no apparent |} 
difference between rats on a potassium de- |f 
ficient diet and those on normal potassium | 
intake. Relative cholinesterase activity of | 
intercostal muscle was estimated histochem- | 
ically in Group A2(14). 
tivity at the motor endplate of potassium de- | 
ficient rats showed no detectable difference |} 
from that of normals, but was definitely less | 
in rats given DFP. |) 

Hematocrits. There were no consistent dif- fj 
ferences among hematocrit values. i 


Plasma electrolytes. The potassium de- |} 
ficient diet produced marked hypokalemia [} 
and hypochloremia (Table I). 
no significant differences in the plasma elec- 
trolytes as a result of the administration of 
cholinesterase inhibitors. 


Muscle water and electrolytes. Skeletal 
muscle of all groups showed essentially the 
same water content (Table I). Potassium 
deficient rats had a marked reduction of po- 
tassium in their muscles and a less marked in- 
crease in sodium concentration. No differ- 
ences are found in muscle water or electro- 
lytes between control rats and those given 
DFP or Parathion. 

Liver water and electrolytes. Livers of po- 
tassium deficient rats tended to have a higher 
water content than did the normals (Table 
I). The reduction in liver potassium in po- 
tassium deficient rats was much less than the 
reduction in muscle potassium and the in- 
crease in sodium was slight. There were no 
apparent differences in liver water and elec- 
trolytes between control rats and those in- 
toxicated with anticholinesterase compounds. 

Derived data. Extracellular water phase, 
intracellular water phase, and_ intracellular 
sodium concentration are also shown in Table 
I. These have been calculated as presented 
by Cotlove et al. Changes in skeletal muscle 
due to potassium depletion, namely, increase 
in extracellular water, decrease in intracellu- 
lar phase, and a marked gain in intracellular 
sodium concentration are similar to those re- 
ported by these authors(15). These changes 
do not occur in the liver. None of these de- 
rived values for muscle and liver discloses 


Cholinesterase ac- ]} ‘ 


There were }/ 


CHOLINESTERASE INHIBITORS AND ELECTROLYTES 
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TABLE I. Water and Electrolyte Values in Plasma, Musele and Liver of Control Rats and Rats Sub- 


jected to Cholinesterase Inhibitors. 


———— ae a ee 
——————————————————_—_—_—_—_—_—_——JJ—————————>yoyoyoeyE=—_ 


Plasma 
Determined 


> 


= Muscle a 
Determined—_—— 


Derived———_—_. 


A (GalO)) Cie) Nery) (iP) CEO) GES) (CN ia9) a (Cl) (H,.0)2 (H:0)¢o (Nat)c¢ 
Group g/l —mEq/kg H.O— g mEq, < g g mEq 
K deficient 7 as : ta 
Saline control 923 2.34 161 104 764 57.0 Doel 13%3 1 652 36.5 
S.E. 3 .09 2 4 il Wy ee 3 3 1 4.3 
(6) oY © @® (3) (6) (5) (5) (3) (3) (3) 
DFP 925 3.09 156 101 768 (OLY 48.1] eat 118 646 29.4 
S.E. 1 49 2 3 2 2.6 3.9 8 10 5 8 
(6) (6) (6) (6) (3) (6) (6) (6) (3) (3) @)) 
Normal K 
Saline control 919 6.51 158 111 763 103 17.6 11.9 102 671 oS 
S.E. 3 70 4 5 oe 4 9 5 8 18 17 
(4) Ge Ls) (1) (3) (4) (4) (3) (3) (3) 
DFP 919 6.45 154 ay) 764 98.3 18.7 10.0 92 672 4.8 
S.E. 2 pil 2 2 3 3.8 ES) 9 i ii 2.9 
COO En Ge 44) De 5S ©. ee 3G) 
Liver : 
———— Determined Derived ~ 
(GEO) CES CNaz CCE) (H:0)2 (H:0)¢6 (Nat)o 
g mEq g g mEq 
K deficient me 7 ‘ae < 
Saline control 734 72.9 24.5 20.0 ae 557 —4.0 
S.E. 4 4.8 1.4 1.4 11 9 10515) 
(4) (5) (6) (6) (4) (4) @) 
DFP 735 80.7 23.2 20.5 72 568 {3 
S.E. 4 7.0 Au 8 21 22 1.4 
(6) (4) (5) (4) (4) (4) (4) 
Normal K 
Saline control 719 3.4 21.8 235 199 DE — 3 
S.E. 3 8.8 1.9 ia 10 21 8.2 
(3) (3) (4) (4) (4) (4) (4) 
DFP 720 85.9 19.0 20.8 185 522 —6.8 
Sale 4 3.0 ily 1.9 10 1155 1.8 
(4) (4) (4) (4) (3) (3) (3) 
Muscle and liver data/kg fat-free whole tissue. 
S.B. = Stand. error of mean. Numbers in parentheses indicate No. of observations. 


Data presented for Group Al rats only. 


any difference between animals receiving and 
those not receiving cholinesterase inhibitors. 

Histologic study. Cardiac muscle revealed 
myodegeneration typical of potassium de- 
ficiency(16) and renal tubular changes of 
uncertain origin. No differences were noted 
between control animals and those given 
Parathion and DFP. 

Discussion. Alterations reported here as 
the result of potassium depletion are similar 
to those found by Heppel(17) and Yannet 
and Darrow(18). Changes in water and elec- 
trolyte composition of plasma, skeletal mus- 
cle, and liver could not be related to repeated 


administration of Parathion or DFP. Lack 
of evidence in these experiments that shifts 
of water and electrolytes occur as a specific 
result of cholinesterase inhibition suggests 
that hyperkalemia produced by acute lethal 
doses of anticholinesterases is unlikely to be 
related to changes in cellular permeability di- 
rectly as a result of excessive concentrations 
of acetylcholine. The possibility remains that 
disturbance of cellular permeability may be 
too transient to have been encountered in 
these studies. 

Summary. Normal rats and potassium de- 
ficient rats were injected with DFP and Para- 
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thion over many weeks. Electrolytes of 
plasma, skeletal muscle and liver of the po- 
tassium deficient rats showed the effects of 
potassium depletion. Studies of cholinester- 
ase disclosed reduction in activity of this en- 
zyme in rats receiving cholinesterase inhibi- 
tors. No effects due to cholinesterase inhibi- 
tion were found upon either concentrations or 
distributions of water, potassium, sodium or 
chloride in plasma, skeletal muscle and liver. 


The authors wish to express their appreciation to 
Sgts. Humphrey and Hanna and Pic. Gaskins for 
the determinations of red cell cholinesterase activity 
and to Dr. A. D. Bergner for estimations of muscle 
cholinesterase activity. We are grateful to Capt. 
A. J. McAdams for the pathologic interpretations. 
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Effects of Adrenalectomy on Specific Activity of Deoxyribonuclease in 


Rat Spleen After Total Body X-Irradiation.* 


(22141) 


Cart D. Douctrass, Paut L. Day, AND THomas W. SNYDER. 
Department of Biochemistry, School of Medicine, University of Arkansas, Little Rock. 


In view of the fact that specific activity of 
deoxyribonuclease II (DNase II)(1) in rat 
spleen is more than doubled after total body 
x-irradiation(2), it has been of interest to de- 
termine the role of adrenal cortex in this phe- 
nomenon. Leblond and Segal(3) recorded 
involution of the spleen as a result of local- 
ized x-irradiation after adrenalectomy. Pro- 
longed administration of corticotropin to rats 
decreases cellularity of the spleen, and there- 
fore the amount of deoxyribonucleic acid 
(DNA) _ present(4). Reduction in tissue 


* This investigation was supported in part under 
contract with the U. S. Atomic Energy Commission 
and by a Research Study Fellowship from The Na- 
tional Foundation for Infantile Paralysis. 


mass of the organ has been attributed to 
lymphocytolysis and the inhibition of mitosis 
resulting from adrenocortical steroids(5). 

We have measured the DNase II activity 
in spleens of control, x-irradiated intact, 
adrenalectomized and x-irradiated-adrenalec- 
tomized rats. 


Methods. ‘Twenty-four young adult male 
rats of the Sprague-Dawley strain were used. 
They were divided into 4 groups of 6 animals 
each. The groups were treated as follows: 
Group I—control, Group II—x-irradiated- 
intact, Group III—adrenalectomized, Group 
IV—x-irradiated-adrenalectomized. All were 
housed in metal cages in an air conditioned 
room at 80°F, and fed a diet of Purina Lab- 
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TABLE I. Effect of Adrenalectomy and/or 200 r of Total Body X-Irradiation on Average 
DNase IT Activities of Rat Spleen. 
a __  , 


yDNA hydro- a ieee DNA hydro- 
Group lyzed/mg tis- pices hell ratio ieaeal/aptean 7a 
»No. Treatment sue/hr at 37°C Body wt body wt 
I Control (6) 14.09 = .98* 2,30-= 12 > 10% 32.96 + 2.64 
WWE X-irradiated intact (6) 26.71 + 1.15 Lp ae WY d< O* 40.83 + 3.54 
IDOE Adrenalectomized (6) 13.76 + 1.08 3.20 42 17 < 108 44,29 + 1.56 
IV X-irradiated and adrenal- 28.24+ .69 MAO Se oll SK TOY 55.74 = 3.76 


ectomized (6) 


* Stand. error. 


Numbers in parentheses refer to No. of animals used. 


oratory chow. They were given food and 
water ad libitum. Animals from Groups II 
and IV were adrenalectomized by sterile tech- 
nic. Adrenalectomized animals were allowed 
2 weeks for recovery, maintained on physio- 
logical saline solution rather than water for 
drinking. Animals from Groups II and IV 
were irradiated, using the following physical 
factors: 220 KV, 15 ma, inherent filtration 
only, HVL 0.25 Cu, 32 inches to center of 
animal, field size covering entire animal and 
at 35.5 r per minute in air for 5.6 minutes 
(200 r). Twenty-four hours later, animals 
from all 4 groups were weighed, stunned and 
killed by decapitation. Spleens were quickly 
dissected out, rinsed in distilled water, blotted 
dry on filter paper, and weighed. They were 
then homogenized in distilled water with an 
all-glass homogenizer, and homogenates di- 
luted to give tissue concentrations of 20%. 
One-ml aliquots of homogenates were added 
to 1 ml portions of substrate solution, which 
contained 5 mg/ml of highly polymerized 
DNAt in a 0.1 M acetate buffer, pH 5, and 
these reaction mixtures were incubated in a 
water bath at 37°C for one hour. The reaction 
was stopped by addition of 2 ml of cold 10% 
trichloroacetic acid. After centrifugation 
and filtration, 2-ml aliquots of supernatant 
were reacted with Dische’s diphenylamine 
color reagent(6). The violet color formed 
was measured on the Klett-Summerson photo- 
electric colorimeter. 


Results. Results of the experiment indi- 
cate that adrenal cortex has no influence on 
the specific activity of DNase II/mg of rat 
spleen; that is, there is no significant dif- 


+ Purchased from California Foundation for Bio- 
chemical Research, Los Angeles. 


ference between amounts of this enzyme ac- 
tivity per mg of tissue in control (1) and 
adrenalectomized (III) rats; nor is there any 
significant difference between x-irradiated in- 
tact (IL) and x-irradiated adrenalectomized 
(IV) rats. However, there is a significant 
difference in total units of activity per spleen. 
Application of the “t” test(7) yields a P 
value for the change in total activity in 
groups I and III of <.01, in groups II and 
IV of <.05, in groups III and IV of <.02. 

Results also confirm the fact that secretions 
of adrenal cortex have specific effects on in- 
volution of the spleen, as indicated by sig- 
nificant variations in spleen wt/body wt ra- 
tios in groups I and III, and groups IT and 
IN ina Lables: 

Summary. Adrenalectomy has been found 
to have no effect on increased specific activ- 
ity of rat spleen DNase II following total- 
body x-irradiation, but size of spleen and 
therefore total quantity of enzyme changed in 
both irradiated and unirradiated animals. 

The authors wish to express their gratitude to Dr. 
I. Meschan, Professor of Radiology, for his kind 
assistance in irradiation of the animals. 
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Qualitative Study of Aminoaciduria in Muscular Dystrophy and Myotonia 


Dystrophica.* 


(22142) 


Wittram H. Braun, ALICE BLoom, AND WiLtIaM Dre L.t 
Radioisotope Unit, Wadsworth General Hospital, Veterans Administration Center, Los Angeles, 
Calif., and the Departments of Medicine and Physiological Chemistry, University of California at 
Los Angeles Medical Center. 


Studies by Ames and Risley(1) indicated 
that increased amounts of amino acids were 
excreted in the urine of muscular dystrophy 
patients. However, no identifications of in- 
dividual amino acids or excretion pattern 
studies were done. More recently Hurley 
and Williams(2), by means of quantitative 
paper chromatographic analyses, have re- 
ported higher leucine, taurine, threonine, 
valine and arginine levels in the urine of male 
patients. Glycine, alanine, serine and citrul- 
line levels were not significantly higher than 
in normal urines. Urines of females were not 
analyzed. 


In the present investigation an attempt has 
been made to discern the various amino acids 
excreted in the urine of male and female pa- 
tients with muscular dystrophy and myotonia 
dystrophica by means of 2-dimensional filter 
paper chromatography. Siblings and parents 
of the muscular dystrophy patients were 
studied whenever possible. 


Procedures and methods. The subjects 
were 43 muscular dystrophy patients ranging 
in age from 14 to 60 years, 9 male patients 
with myotonia dystrophica and 53 normal 
subjects. In addition, a group of 13 parents 
and 16 uninvolved siblings were investigated. 
Samples for analysis were taken from the first 
voided morning urine. All samples were 
analyzed the day of voiding or stored tem- 
porarily in the frozen state. The amino acids 
were determined by descending 2-dimensional 
filter paper chromatography, essentially by 
the methods of Levy and Chung(3) and Fink 
et al.(4). Aliquots of 70 microliters of urine 
applied to Whatman No. 1 paper in 3-micro- 


* This study was aided by funds from the Muscu- 
lar Dystrophy Associations of America. 

+ This work was done during the tenure of an Es- 
tablished Investigatorship of the American Heart 
Assn. 


liter portions were used for analysis. The 
developing solvents were (1) phenol-0.1 M 
borate buffer, pH 8.3 (85.6:20, w/v) and 
(2) butanol-glacial acetic acid-water (4:1:5) 
— organic phase. Development in phenol 
was carried out at 25 + 1°; and butanol at 
room temperature. Ninhydrin was used as 
the spray reagent(3). Because of similar Ry 
values, the following groups of amino acids 
could not be resolved: isoleucine and leucine; 
glutamine, citrulline and arginine; methionine 
and valine; and methionine sulfoxide and sar- 
cosine. $-Aminoisobutyric and y-amino-n- 
butyric acids if present would travel in the 
methionine-valine band. Taurine under 
these conditions is obscured by glycine in 
most instances. Further separations of these 
groups have not been attempted. 


Results. There is a qualitative increase in 
the excretion of amino acids and certain re- 
lated unidentified substances in muscular 
dystrophy patients, as shown by an increased 
number of spots on the urine chromatograms. 
The amino acids which appeared most fre- 
quently in the urine of dystrophy patients 
were methionine or valine, isoleucine or leu- 
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FIG. 1. Urinary amino acid exeretion patterns in 
normal males and male patients with muscular dys- 
trophy and myotonia dystrophiea. 


AMINOACIDURIA IN MuscuLtar DystTRoPHY 


FEMALES 


NORMAL FEMALES(19) 
MUSCULAR DYSTROPHY (14) 
|_|NORMAL SIBLINGS (9) 


ZANORMAL PARENTS (7) 


% OF GROUP 


LYS INE 
LEUCINE 
CYSTEIC 
ACIO 
METH YL 
HISTIOINE 


5 awn 


1S OLEUCINE- 
METHIONINE 
SULFOXIDE- 
SARC OSINE [< 


FIG. 2. Urinary amino acid excretion patterns in 
normal females, normal siblings, parents, and fe- 
male muscular dystrophy patients. 


cine, methionine sulfoxide or sarcosine, me- 
thyl histidine, cysteic acid and unidentified 
substances A and E (Fig. 1 and 2).+ 

Nine subjects with myotonia dystrophica 
exhibited increased numbers of urinary amino 
acids. Lysine, methionine sulfoxide-sarcosine 
and unidentified substances E and J? ap- 
peared more frequently in the urine of these 
patients than in the urine of muscular dystro- 
phy patients (Fig.1). 

The amino acid excretion of a small group 
of clinically uninvolved male siblings and 
male parents was studied. There was a sig- 
nificant increase in the former group. Marked 
elevations of isoleucine or leucine, -alanine, 
cysteic acid, and unidentified substances A 
and I? were observed. In the male parent 
group, methionine-valine and cystine were 
increased (Fig. 3). 

A group of uninvolved female siblings and 
female parents manifested marked increases 
in the number of amino acids excreted (Fig. 
2). The aminoaciduria was as extensive in 
these latter groups as in the female muscular 
dystrophy patients. 

A relatively large number of unidentified 
spots were observed in the chromatograms of 
muscular dystrophy patients and their rela- 
tives. Spots designated A and E were most 
consistently present. 

Discussion. The data presented indicate 
that a qualitative increase in urinary amino 
acids occurs in patients with muscular dystro- 


phy and myotonia dystrophica and certain 
Ve 
The R,, values of these unknown ninhydrin- 


reacting substances in solvents 1 and 2 respectively 
Are A: 0.75; 0.29; B: 0.50, 0:29; I: 0.85, 0.17; and 
e085, Ol. 
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related normal individuals. Whether there is 
an associated quantitative increase in amino 
acid concentration in the urine of such in- 
dividuals is currently under investigation. 

The increased numbers of amino acids ob- 
served in the urine of normal siblings and par- 
ents of muscular dystrophy patients suggests 
the possibility of an inherited metabolic ab- 
normality. The particularly large numbers 
of amino acids found in the urine of the nor- 
mal female sibling and the maternal parent 
are striking evidence in favor of this thesis. 
Furthermore, genetic studies seem to indicate 
maternal transmission of the disease(6). 

The presence of the relatively large group 
of unidentified ninhydrin staining substances, 
found in the urine of dystrophy patients and 
related individuals, is of interest. These com- 
ponents may be unidentified amino acids or 
peptides. It seems likely that these are nor- 
mal constituents of urine, excreted at much 
lower levels in normal individuals since the 
urines of controls often contain these com- 
ponents. Boulanger, Biserte and Courtot(5) 
have described peptides in normal urines, 
some of which may be identical to those ob- 
served here. Two spots, A and E, are most 
consistently present in dystrophic individuals 
and their immediate relatives. The nature of 
these unknown substances is currently under 
study. 


Summary. 1. An increase in the number 
of urinary amino acids and certain related 
unidentified substances was observed in mus- 
cular dystrophy and myotonia dystrophica 
patients. 2. Increased numbers of amino 
acids were found in the urine of normal sib- 
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FIG. 3. Urinary amino acid excretion patterns in 
normal males, normal siblings, parents, and male 
muscular dystrophy patients. 
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lings and the maternal parents of muscular 
dystrophy patients. 


The authors ave indebted to Drs. Franz K. Bauer 
and Augustus S. Rose for their advice and encourage- 
ment throughout the course of this study. 
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Effect of a High Fat Fructose and Casein Diet on Diabetic Cataracts.* 
(22143) 


JouHNn W. PATTERSON. 


Department of Anatomy, School of Medicine, Western Reserve University, Cleveland, O. 


Two or 3 months after the chemical induc- 
tion of diabetes in rats, the lenses of the ani- 
mals become opaque(1,2). The rate at which 
these cataracts develop is directly related to 
the height of the blood sugar(2). Decreasing 
the hyperglycemia by partial starvation(3) or 
the administration of phlorizin(4) delays or 
prevents cataracts to the extent that the blood 
sugar is lowered. These results suggest that 
hyperglycemia may play a direct role in the 
production of cataracts. If the high blood 
sugar level acts directly on the lens to pro- 
duce cataracts, then the amount of sugar 
reaching the eye by way of the bloodstream 
should be of importance. . Altering the blood 
supply by unilateral carotid ligation influ- 
ences the development of galactose cataracts 
but does not affect the development of dia- 
betic cataracts(5). This finding raises a 
question regarding the direct role of hypergly- 
cemia and leads to the suggestion that the 
prevention of cataracts might be due to the 
provision of an alternate energy supply by the 
ketosis that accompanies phlorizin adminis- 
tration or starvation. Diets containing large 


* This investigation was supported by a research 
grant from the National Institute of Arthritis and 
Metabolic Diseases, of the National Institute of 
Health, Public Health Service. The author wishes to 
express his appreciation for this support and also for 
the technical assistance of Miss Annette Charlillo and 
Mrs. Eleanor Oldham. 
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amounts of fat or protein provide non-carbo- |f} 
hydrate substrates for energy and delay or 
prevent cataracts(1,6). However, these diets 
also lower the blood sugar and an interpreta- 
tion of the results is difficult. Experiments in 
this laboratory indicate that a high-fat diet 
containing fructose rather than glucose, can 
be fed to diabetic rats without producing a 
depression in the blood sugar level. The use 
of this diet makes it possible to determine the 
effect of the dietary constituents in the pre- 
vention of cataracts. This paper reports the 
results obtained with a diet containing large 
amounts of fructose, fat and protein. 
Methods. Male Sprague-Dawley rats 
weighing 76-173 g were made diabetic by the 
intravenous injection of 40 mg per kilo of al- 
loxan monohydrate. The animals were main-. 
tained with unlimited amounts of water and 
ground dog chow. They were weighed and 
the blood sugars(7) determined once or twice 
each week. At the end of the first four weeks 
the blood sugar determinations for each rat 
were averaged. Those animals with blood 
sugar levels greater than 350 mg per 100 cc 
of blood were retained in the experiment and 
divided into two groups. The control group 
was maintained on the same diet as had been 
used in the first 4-week period. The ex- 
perimental group was placed on an unlimited 
amount of the special diet. The latter diet 
consisted of 50% fructose, 25% corn oil and 
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25% casein, fortified with an adequate 
amount of minerals and vitamins. Blood su- 


gars were determined at least once each 
week and averaged for each 4 week period. 
During the next 4 months, 4 of the animals 
on the special diet had average blood sugars 
which fell below 350 mg per 100 cc of blood 
on one or more occasions. These animals 
were dropped from the experiment. Ten 
animals on the special diet and 10 receiving 
the chow diet maintained blood sugars con- 
sistently above 350 mg per 100 cc. 


Results. The effectiveness of fructose in 
maintaining a high blood sugar level, in spite 
of a large amount of fat in the diet, is indi- 
cated by the blood sugar averages as depicted 
in Fig. 1. The blood sugar values represent 
the total amount of glucose and fructose in 
the blood. Separate determinations for fruc- 
tose(8) on the same blood samples indicated 
that the fructose level was 10-20 mg per 
100 cc. 

The eyes of the rats were examined daily 
for cataracts as previously described(2). The 
control group developed cataracts between 59 
and 120 days after the induction of diabetes 
with an average time of 73 days and a stand- 
ard deviation of 18 days. The rats on the 
special diet were observed for a period equal 
to twice this average time or 150 days. Dur- 
ing this period 2 of the 10 rats developed 
cataracts at 86 and 99 days. These cataracts 
occurred 2 and 3 weeks after a 3-day lapse 
in the special diet during which time the ani- 
mals were fed a ground chow diet. The other 
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8 rats did not have cataracts at 150 days 
(CEigee2)r * 

Rats placed on the special diet showed a 
marked change in their growth rate. Before 
being placed on the special diet, the animals 
grew at the expected rate for diabetic rats 
having a blood sugar of 450-500 mg_ per 
100 cc. After the initiation of the special diet, 
however, the growth rate was accelerated and 
comparable to that of diabetic rats with blood 
sugars between 250-300’ mg per 100 cc. This 
was true in spite of the fact that the blood 
sugar of these animals was maintained at the 
higher level (Fig. 3). 

Discussion. There are 3 effects of the high 
fructose, fat and casein diet which are worthy 
of further comment. First, it maintains a 
high blood sugar level. Second, it prevents 
the development of cataracts and third, it 
accelerates growth. 

When a high fat diet containing sucrose is 
fed to diabetic rats, there is no glycosuria and 
the growth of the rats is stopped(1). In con- 
trast, a high fat diet containing fructose re- 
sults in a blood sugar comparable with that 
of a glucose low fat diet and the animals gain 
weight. It is possible that a high content of 
fat in the diet interferes with the intestinal 
absorption of glucose and not of fructose. 
Further studies are required to prove this 
point. The observation that there is very 
little fructose in the blood of a fructose fed 
animal is consistent with the fact that fruc- 
tose is rapidly converted into glucose(9). 

The fact that a high fructose, fat and 
casein diet prevents the development of cata- 
racts definitely rules out hyperglycemia as a 
direct mediator in the production of cataracts 
and demonstrates that diabetic cataracts can 
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be prevented without insulin if energy sources 
other than glucose are made available. The 
results are consistent with the suggestion that 
diabetic cataracts are the result of an inabil- 
ity to obtain adequate energy by the utiliza- 
tion of glucose in the absence of insulin. 


The growth rate of rats on a high fructose, 
fat and casein diet is accelerated. This indi- 
cates that tissues, other than lens, are bene- 
fited by a diet which provides substrates that 
do not require insulin for utilization. Rats on 
a high fat diet containing sucrose show no 
gain in weight over a period of three months 
(1). Thus, the presence of fructose provides 
an advantage. This may be due to the pro- 
duction of a high blood glucose level, and 
hence, a greater gradient for the penetration 
of glucose into the cells, or it may be due to 
the penetration of small amounts of fructose 
into the cell. It is doubtful whether this im- 
provement in the distribution of carbohydrate 
is in itself responsible for the improved 


growth rate. Diets containing fructose with- 
out fat(9) and high blood levels of glucose 
in the absence of fat do not accelerate the 
growth of diabetic rats. It is more likely that 
the improved distribution of carbohydrate in- | 
creases the efficiency with which fat is utilized |} 
by the cell. This might be brought about by | 
increasing the availability of oxalacetic acid | { 
which is essential for the complete metabolism |}} 
of fat. | 

Summary. A diet consisting of 50% fruc- ]} 
tose, 25% corn oil and 25% casein and forti- |} 
fied with vitamins and minerals was fed to }] 
diabetic rats with blood sugar levels over 350 [) 
mg per 100 cc of blood. On this diet the blood | 
sugar was maintained at a high level, cata- 
racts were prevented and growth rate accel- 
erated. The beneficial effects of this diet sug- 
gest that cataracts and the failure in growth ff 
of diabetic rats are the result of a deficit of |fj 
energy resulting from inadequate glucose util- jf} 
ization in the absence of insulin. 
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The dimorphic fungus, Coccidioides im- 
mitis, undergoes a completely different type 
of growth in vivo from that in vitro. The 
parasitic form, or spherule, appears in animal 
tissue as a non-budding, spherical structure 
20-80 mw in diameter with a thick, refractile, 
double wall, and is filled with numerous 
small endospores 2-5 » in diameter. Repro- 
duction takes place by rupture of the spher- 
ule wall, freeing the endospores, which in- 
crease in size and develop into typical large 
endospore-filled spherules. The saprophytic 
form appears in laboratory media as a my- 
celium with branching, septate hyphae which 
break up into numerous thick-walled, rec- 
tangular, ellipsoidal, or spherical arthrospores 
2-4 w in diameter. The arthrospores germin- 
ate and repeat the cycle. Observation of the 
parasitic phase in solid or semi-solid complex 
medium has been reported by several authors. 
MacNeal and Taylor(1) observed multiplica- 
tion of spherules in infected pus when added 
to ascitic fluid or gelatinized horse serum 
containing sterile kidney slices. | Lack(2) 
noted development of spherules from chlamy- 
dospores inoculated into Hall tubes contain- 
ing glucose broth and partially coagulated egg 
albumin. Baker and Mrak(3) observed the 
development of spherules in a variety of solid 
media after 45 to 60 days, when active growth 
had ceased due to drying of the medium. 
Conant and Vogel(4) observed spherules on 
Sabouraud’s dextrose slants following expos- 
ure of the cultures to Tween 80 (polyoxy- 
ethylene (20) sorbitanmonooleate). Burke 
(5) reported the appearance of spherules 
usually after 4 to 10 weeks, but occasionally 
after 11 days in a partially defined solid me- 
dium containing coconut milk. 

Experiments in this laboratory resulted in 
the production of spherules in a liquid syn- 
thetic medium, following the observation of 
the parasitic phase in cultures grown in the 
presence of lithium hydroxide and tamol “N” 


(an arryl sulfonic acid). The following pre- 
sentation is devoted to a description of the 
medium, the development of the spherules, 
and the morphology of the cultures. 


Methods and materials. 1. Inoculum used 
was a culture of C. immitis, strain M11, 
grown for 28 days at 34°C on a reciprocating 
shaking machine operating through a 4% 
inch stroke at 96 strokes/minute. Growth 
medium for the inoculum was a glucose, ace- 
tate, inorganic salts medium, Basal #2, Roes- 
sler et al.(6) supplemented with 4 ppm Zn** 
as ZnSOQ,. The inoculum (0.1 ml) was ap- 
proximately 10 x 10° viable arthrospores. 2. 
The experimental medium was a 5-fold dilu- 
tion of the inoculum medium, containing .022 


M glucose, .016 M ammonium acetate, .003 
M each dipotassium and monopotassium 
phosphate, .0016 M magnesium - sulfate, 


.0000124 M zinc sulfate and distilled water, 


FIG. 1. Representative field of C. immitis culture 
showing growth of spherules, 200 x. 
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with final pH 6.6. This was dispensed into 
250 ml Erlenmeyer flasks, 50 ml per flask, 
and autoclaved 15 minutes at 121.5°C. The 
flask closures were constructed from modified 
thistle tubes filled with gauze covered cotton 
and inserted through rubber stoppers. 3. 
Experimental cultures were incubated with 
shaking at 34°C and examined microscopic- 
ally at 24-hour intervals. 4. Evaluation. 
Visual estimation of growth was made with 
unaided eye. Viable plate counts were made 
with a 1% peptone, 2% glucose, 0.1% auto- 
lysed yeast, 2% agar medium, with incuba- 
tion at 34°C for 48 hours. Microscopic ex- 
aminations were made on_ lactophenol-blue 
wet mounts. For photomicrographic purposes 
the edges of the cover slips on the wet mounts 
were sealed with Duco cement. 


SPHERULE PRODUCTION IN C. immitis 


XS 


FIG. 2. (a) Spherules in various stages of development, 450 X. (b) Two mature spherules with 

ruptured walls. Endospores are being extruded into the surrounding medium, 650 X. (¢) Young 

spherule showing developing cross-walls, 450 x. (d) Chain of mature spherules. Note apparent 
rupture of wall of largest spherule and start of endospore release, 450 X. 


Results. (1) Development of the parasitic 
form. Spherules appeared after 72 hours in- 
cubation, following initial mycelial growth, 
with maximum production occurring between 
96 and 120 hours. They occurred at terminal 
and intercalary locations of the hyphae simi- 
Jar to typical chlamydospore development on 
solid medium, and developed from chains of 
arthrospores, the typical spore-form of the in 
vitro type of growth in liquid medium. Upon 
continued incubation there appeared to be 
simultaneous germination of arthrospores into 
hyphae which produced both new arthro- 
spores and spherules, and rupturing of spher- 
ule walls with the release of endospores which 
developed into new, mature, endospore-filled 
spherules. The parasitic form of growth ap- 
peared to comprise 50 per cent or more of the 


SPHERULE PRODUCTION IN C. immitis 


total growth of the cultures. 

(2) Spherule morphology. The spherules 
were morphologically similar to those occur- 
ring in animal tissue. They occurred as 
spherical or ovoid structures, 3 to 80 p» in 
diameter with double refractile walls, and 
contained varying numbers of endospores, de- 
pending on the size and stage of development 
of the spherules. The diameter of the endo- 
spores varied from 1 to 5 » with the majority 
appearing to be one-tenth to one-fifth the vol- 
ume of mature arthrospores which are nor- 
mally 3 to 5 microns in diameter. The ac- 
companying figures show representative fields 
of view and detailed morphology of a typical 
culture of C. immitis grown under the condi- 
tions described. 

(3) Other strains. Although the majority 
of this work was accomplished with C. immi- 
tis, strain M11. a rodent isolate from Arizona 
contributed by Dr. C. E. Smith of Berkeley, 
Calif., 38 other strains isolated from hu- 
mans and animals have been tested under 
identical conditions. Sixty per cent of these 
developed spherules in the experimental me- 
dium, but to a lesser extent than strain M11. 

4. Growth measurements. The total growth 
of spherule cultures (15 x 10° per ml) in 5 
fold diluted medium, as measured by viable 
plate counts, was approximately one-tenth 
that of arthrospore cultures (130 x 10° per 
ml) grown in the inoculum medium. 

Discussion. Conditions for the growth and 
maintenance of the parasitic form of C. im- 
mitis in a chemically defined liquid medium 
are not yet fully understood although physi- 
cal, chemical, and nutritional studies should 
throw further light on this subject. There 
seems to be a critical stage during the early 
development of the cultures at which time the 
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environment exerts its greatest effect in stimu- 
lating production of “Spherules. Harvesting 
the spherules must be done not later than the 
fourth or fifth day of incubation as a gradual 
decrease in numbers takes place thereafter, 
accompanied by a slow reversion of the cul- 
tures to the saprophytic phase. A _ possible 
explanation might be a selective change of en- 
vironment involving the exhaustion of nutri- 
tional factors or the accumulation of meta- 
bolic products inhibiting growth of the para- 
sitic form. 

The use of a chemically defined liquid me- 
dium for production of spherules would ma- 
terially benefit physical, chemical, and meta- 
bolic studies of the parasitic phase of the or- 
ganism. It would also permit large scale pro- 
duction of antigenic material, free from for- 
eign protein matter. 


Summary. A method for growth of the 
parasitic phase (spherules) of Coccidioides 
immitis in a chemically defined liquid medium 
is described. A description of the develop- 
ment and morphology of the structures is in- 
cluded. 
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Dissecting Aortic Aneurysm in Hamsters Treated with Cortisone Acetate. 


(22145) 


C. Harotp STEFFEE AND KATHARINE C. SNELL. 


(Introduced by Harold L. Stewart.) 


Laboratory of Pathology, National Cancer Institute, National Institutes of Health, Department of 
Health, Education and Welfare, Bethesda, Md. 


Dissecting aortic aneurysm has been pro- 
duced in dogs by thermal coagulation of the 
aorta(1), and in rats by diets containing meal 
of the seeds of Lathyrus odoratus(2-4). No 
report has been found of the production of 
this aortic lesion in any other laboratory ani- 
mals. During experiments in which hamsters 
were treated with cortisone to accomplish 
heterologous transplantation of human fetal 
lung tissue, many animals died with massive 
intrathoracic or intraperitoneal hemorrhage. 
Histologic examination of mediastinal and 
retroperitoneal tissues revealed that the hem- 
orrhage was usually due to rupture of a dis- 
secting aneurysm of the aorta. 

Materials and methods. Seventy-seven 
golden hamsters 1 to 3 months of age, from 
the colony at the National Institutes of 
Health (NIH) were treated with cortisone 
acetate and inoculated with human fetal tis- 
sue. Fifteen additional animals were treated 
with cortisone but received no transplants. 
The fetal lung tissue was cut into small frag- 
ments and implanted with an 18 gauge tro- 
car, or was minced with small quantity 
(usually less than 1 ml) of physiological 
saline and injected by using 1 ml tuberculin 
syringe and 20 gauge needle. Inoculations 
were made into submucosa of the cheek pouch 
of hamsters anesthetized with veterinary 
nembutal, 0.11 ml/100 g body weight. Cor- 
tisone acetate (Cortone,® Merck) was in- 
jected subcutaneously into the posterior cervi- 
cal region in doses of 3 mg at the time of 
transplantation of human tissues, and 1 mg 
given twice a week thereafter for remainder of 
the life of the animal. Hamsters were kept in 
large plastic cages in air-conditionsd rooms 
at approximately 78°F. The diet consisted 
of Purina Laboratory Chow and water ad libi- 
tum, supplemented with kale, carrots, and 
apples 3 times a week. Hamsters were ex- 
amined daily, and dead animals necropsied im- 


mediately. Six hamsters were killed when 
they appeared moribund. The other 71 were 
found dead, but had not appeared moribund 
on the preceding day. At first, only the cheek 
pouch area was examined histologically, since 
the state of heterologous embryonic tissue 
was our primary concern. When it was ap- 
parent, however, that many animals had died 
with massive thoracic or abdominal hemor- 
rhage, an attempt was made to determine the 
origin of the hemorrhage. Entire thoracic 
contents were then removed at necropsy. 
Lungs were removed, and remainder cf the 
specimen including thoracic aorta was fixed in 
Helly’s formal-Zenker fluid. The abdominal 
aorta was also prepared for histological study. 
When hardened the tissues were cut trans- 
versely into 15 to 20 blocks. After tissues 
were imbedded in paraffin, sections were cut 
at 6 » and stained with hematoxylin and eosin 
routinely. A variety of histochemical tech- 
nics has also been used, and these will form 
the basis for a later report. 

Resulis. Massive hemorrhage was the 
cause of death of 51 of 77 NIH hamsters 
dying 26 to 162 days after initiation of corti- 
sone therapy and transplantation of human 
fetal tissue. Of these 51 animals, 37 had 
hemothorax and 14 had hemoperitoneum. 
The aorta of 26 of these animals was ex- 
amined microscopically, and dissecting 
aneurysm was demonstrated in 23. No in- 
flammatory lesions were found. However, in 
sections from 3 other animals, necrotizing 
arteritis of the aorta was observed; this ne- 
crosis was so extensive that we were unable 
to determine whether dissection of the aorta 
had occurred. In addition, dissecting 
aneurysm was found histologically in 2 ani- 
mals in which mediastinal hemorrhage had 
not taken place. Fourteen hamsters, 2 months 
old, obtained directly from Lakeview Ham- 
ster Colony in New Jersey were treated with 
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hemorrhage. Orcein. 60 X. 


cortisone acetate following implantation of 
pieces of human fetal lung tissue by the same 
technics as were applied to the NIH ham- 
sters. Six of these animals died, all with 
hemothorax or hemoperitoneum. A control 
experiment to test the effect of cortisone alone 
is in progress. Five Lakeview and 10 NIH 
hamsters have been treated with cortisone 
acetate using the same dosage schedule, but 
without tissue transplantation. After 80 days 
2 Lakeview and 4 NIH hamsters died with 
hemothorax or hemoperitoneum, and dissect- 
ing aneurysm has been demonstrated _histo- 
logically in all. 

Histologically, the aneurysmal dissection of 
aortic wall appeared to originate at a point 
lying just above aortic valve. The lesion con- 
sisted of separation of layers of the media of 
the aorta by extravasated blood (Fig. 1). In 
the sections of aorta from the 2 animals with- 
out massive hemorrhage, there was _hyalin- 
ization of areas of the outer media adjacent 
to the aneurysmal vascular lumen. In ani- 
mals with massive hemorrhage, medial ne- 
crosis was no longer evident histologically. 
The structural continuity of the blood-filled 
intramedial spaces with lumen of the vessel 
on the one hand or with perivascular tissue 
on the other, could be demonstrated in some 


sections. Most of the aneurysms appeared 
to have developed acutely, since there was 
little evidence of inflammatory reaction in 
areas of dissection or hemorrhage. 

Discussion. The factors involved in the 
degenerative lesion that eventuates in weak- 
ening of the tunica media and development 
of these dissecting aneurysms in hamsters, are 
not clear from these experiments. We have 
no evidence to suggest that this lesion is re- 
lated to lathyrism. The diet contained no 
pea meal, although Purina Laboratory Chow 
does include legumes alfalfa and soybean. 
Gross examination has not shown striking ab- 
normalities of bone which have been de- 
scribed in lathyrism(4). The diet has been 
fed to nearly a thousand other hamsters in 
our laboratory over long periods of time, and 
none have shown evidence of aneurysm. 
Water extraction of Purina Chow according 
to the method of Dupuy and Lee(5) has 
yielded an amorphous yellowish substance. 
The relationship, if any, between this ma- 
terial and the crystals isolated from Lathyrus 
pusilis awaits completion of biological tests 
now in progress. The possibility of a syn- 
ergism between cortisone and some dietary 
factor is still to be considered. 

No report of aneurysm in patients treated 
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with cortisone or corticotrophin has been 
found, although necrotizing arteritis was de- 
scribed recently following self-administered 


cortisone overdosage in an arthritic patient. 


(6). Other investigators have found aortas 
of cortisone-treated children to have a high 
content of lipids(7). Degeneration of the 
tunica media of the ascending aorta without 
hemothorax has been observed in this labo- 
ratory in two mice bearing a subcutaneous 
transplant of a functional adrenal cortical 
carcinoma(8). 

Summary. Massive thoracic or abdominal 
hemorrhage has been found in 51 of 77 ham- 
sters treated for 26 to 162 days with cortisone 
acetate. All of these animals bore implants 
of human fetal tissue. Histological sections 
of 26 of these animals demonstrated dissect- 
ing aortic aneurysm in 23 and necrotizing ar- 


Inhibition of Calcification in vitro by Luteocobalti Chloride.* 
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teritis in 3 animals. The aorta of the other 
25 animals with gross hemorrhage was not 
examined histologically. Six non-transplant- 
bearing hamsters treated with cortisone died 
with microscopically proved dissecting aortic 
aneurysm. 
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There is evidence that chondroitin sulfate 
or its protein complex may play a role in the 
process of calcification. Rubin and Howard 
(1) found an increase in metachromatic stain- 
ing in regions where active calcification is oc- 
curring, which they attribute to increase in 
concentration of chondroitin sulfate or a 
change in its degree of polymerization. Neu- 
man(2) showed a correlation between cation 
binding capacity of cartilage and its sulfate 
content. Miller, Waldman and McLean(3) 
found that basic dyes inhibit calcification in 
vitro and that this effect can be reversed in 
the presence of calcium and _ phosphate. 
Finally, it has been demonstrated that pro- 
tamine, which can precipitate chondroitin 
sulfate from solution, can cause inhibition of 


* This investigation was supported by research 
grant A-28(C) from the National Institute of Arthri- 
tis and Metabolic Diseases, U. S. P. H. S., and by 
Masonic Foundation for Medical Research and Hu- 
man Welfare. 


calcification in vitro(4,5). Like protamine, 
the complex luteocobalti cation can precipi- 
tate chondroitin sulfate as shown by Mat- 
thews and Dorfman(6). It will also precipi- 
tate mucoprotein of cartilage(7), as well as. 
ribonucleic acid, heparin and sodium _poly- 
metaphosphate, from solutions of low ionic: 
strength and at a pH above 3.5(6). Under 
similar conditions hyaluronate, neutral poly- 
saccharides and human serum proteins fail to: 
precipitate. 

In view of this property of acting as a 
rather selective precipitant, it was decided to- 
study the effect of luteocobalti chloride on 
calcification in vitro. It was also considered’ 
that the orange-yellow color of the cation 
might make it possible to detect its presence: 
at calcification sites. 

Methods. Calcification in vitro was: 
studied by a simplification of the method 
described by Sobel, Nobel and Hanok(8). 
Twenty-one-day-old weanling rats were 
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raised on a standard rachitogenic diet (U.S.P. 
Rachitogenic Diet No. 2). When they were 
5 to 6 weeks old, they were sacrificed, the 
tibia was dissected out and sliced longitudin- 
ally. These tibial sections were placed in 
calcifying solution (described below) and in- 
cubated at 37°C for 16 to 20 hours. Sections 
were then washed with water, placed in 2% 
aqueous silver nitrate and exposed to the 
light of incandescent lamp for about 10 min- 
utes. Calcification manifests itself as a dark 
deposit on the surface of the epiphyseal plate. 
It is measured by extent of this deposit, using 
numbers from 0 to 4, to designate width of 
surface of the plate covered and by zero or 1 
to 4 plus signs, enclosed in parenthesis, to 
designate length of plate covered. Range of 
values extends from 0 (0) to 4 (****). The 
action of luteocobalti chloride was studied in 
3 ways; (1) incorporation of inhibitor into 
the calcifying solution itself, (2) prior ex- 
posure of sections to inhibitor in the basal salt 
solution, followed by washing with water and 
incubation in calcifying solution, and (3) 
prior exposure of sections to inhibitor in the 
presence of calcium chloride, followed by 
washing and incubation in the calcifying solu- 
tion. The calcifying solution contained the 
following components: sodium chloride (90.97 
M), potassium chloride (0.005 M), sodium 
bicarbonate (0.022 M), calcium chloride 
(0.0025 M; 10 mg% calcium), and a 
combination of NaH»PO, plus NasHPOy, at a 
molarity of 0.00161 corresponding to 5 mg% 
phosphorus. The pH of the solution was ad- 
justed to 7.3 with carbon dioxide. The basal 
salt solution consisted of the following: 
sodium chloride (0.07 M), potassium chloride 
(0.005 M), and sodium bicarbonate (0.022 


TABLE I. Inhibition of Calcification In Vitro by 
Addition of Luteoeobalti Chloride to Calcifying 


Solution. 
Cone. of LCC No. of Degree of ealei- 
(normality ) experiments fication (avg) 

0 9 1% (+4+++4) 
.0056 3 il (+) 
009 2 il (++) 
019 2 0 (0) 
028 4 0 (0) 
.056 2 0 (0) 
AP} ff 0 (0) 


LCC — Luteoeobalti chloride. 
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TABLE II. Inhibition of Caleification In Vitro by 
Prior Exposure to Tuteocobalti Chloride. 


Cone. of LCC No. of Degree of calcification 
(normality ) exps. (avg) 
0 5 ieee) 
.0-(B.S.) 5 fee el 
0011 2 te ale LS 
0022 2 Ye (tes 
003 2 0 (0) 
-0056 £ 0(0),0(0),0(0),1(++++) 
O11 4 0 (0) 
.056 3 0 (0) 
slat?) 3 0 (0) 


B.S. = Basal salt solution. 


M). The solution was adjusted to a pH of 
7.3 with COs. 

Results. The results in Table I were ob- 
tained by addition of luteocobalti chloride to 
the calcifying solution in concentrations in- 
dicated. Inhibition began in the concentra- 
tion range 8.96 x 10° to 1.9 x 10° N luteoco- 
balti chloride. There was a deposition of co- 
balt ion on the surface of the epiphyseal plate 
increasing with concentration of luteocobalti 
chloride employed. 

The results in Table II were obtained by 
prior exposure of tibial sections to luteoco- 
balti chloride in the presence of basal salt 
solution. The system was shaken intermit- 
tently for 2% hours. Then the tibial sections 
were washed with water and placed in calci- 
fying medium for 16 to 20 hours. The sam- 
ple designated as zero normality of luteoco- 
balti chloride is a control which received no 
prior treatment; B.S. indicates a control that 
received prior treatment with basal salt solu- 
tion. Inhibition of calcification begins in the 
range 2.2 x 10° N to 3.4 x 10° N, if one ig- 
nores the single case of inhibition found at 
SiGexelOs Ne 

It has been demonstrated by Sobel, Nobel 
and Hanok(8) that inhibition of calcification 
in vitro by prior shaking with neutral salts 
may be reversed by subsequent shaking with 
calcium chloride. In view of this it was de- 
cided to determine the effect of calcium chlor- 
ide on inhibitory action of luteocobalti chlor- 
ide. Table III shows results of prior exposure 
of tibial sections to luteocobalti chloride in 
the presence of calcium chloride for 1% 
hours, followed by their exposure to calcify- 
ing solution. 
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Effect on Calcification of Prior 
Both Luteocobalti Chloride and 
Caleium Chloride. 


TABOE Sie 
Treatment with 


Cone. of ———_, 


LCC CaCl, No. of Degree of calei- 
(normality) (normality) samples fication (avg) 
00 0 7 ys (eae se) 
.00—(CaCl, ) 5 6 14%4(+++-+) 
0056 5 4 2 (++++4+) 
01] a) 5 144(++-++4+) 
0179 5 4 11, (Ane 
028 5 5 1, Ce) 
056 5 4 WP (ae ot 2) 

112 5 6 du (BESS) 
056 O01 6 1 (4++-++) 
056 05 7. 1 (+++) 
.056 10 5 %(++-++) 


There is no complete inhibition of calci- 
fication. Calcium chloride appears to exert a 
protective effect on the calcifying system. 
The amount of cobalt deposited, indicated by 
depth of yellow color at the surface of epi- 
physeal plate, depended on the ratio of luteo- 
cobalti chloride to calcium chloride. The 
greater the concentration of the calcium 
chloride, the less the deposit of the cobalt 
salt. In this connection it was observed that 
precipitates, formed from luteocobalti chlor- 
ide and chondroitin sulfate in aqueous solu- 
tion, readily dissolved in the presence of cal- 
cium chloride. 

The most probable binding site of luteo- 
cobalti chloride at cartilage surface is either 
the chondroitin sulfate or its mucoprotein. 
In view of the possibility of mucoprotein in- 
volvement, it was decided to determine the 
effect of trypsin on the binding of luteocobalti 
chloride by tibial sections. In these experi- 
ments tibial sections were exposed to a solu- 
tion of Tryptar (lyophilized crystalline tryp- 
sin, Armour) at concentration of 10 mg/ml 


TABLE IV. Effect of Trypsin on Capacity of 
Epiphyseal Sections to Bind Luteocobalti Chloride. 


Exposure time Final value 


to trypsin No. of of LCC 
(min. ) sections LCC deposit deposit 
Control 1 3(++4+-+) 12 
153 il 2(+++4-4+) 8 
37 1 1(+++4++) 4 
45 Y 0, acon 0 
50 1 %(4+4++4) 2 
60 1% (+4) 1 
75 2 0 (0) 0 
100 9 0) Oy 0 
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in water for the times indicated in Table IV. 
The sections were then washed and exposed 
to luteocobalti chloride (.2%) for one hour. 
Evaluation of cobalt deposit was similar to 
that used in evaluation of calcification. How- 
ever, due to the nature of the cobalt color, 
evaluation tends to be more subjective. The 
final value of the cobalt deposit was obtained 
by multiplying the number for length by the 
number for width of deposit. The results in- 
dicate a complete loss of capacity to bind 
luteocobalti chloride on exposure to trypsin 
for 75 minutes. 


Discussion. The work reported here sup- 
ports the view that chondroitin sulfate or a 
mucoprotein containing it may be one com- 
ponent of calcifying systems. The luteoco- 
balti cation, to the extent that it is a rela- 
tively specific precipitant for chondroitin 
sulfate, may be more useful than other ca- 
tions for studying reversible inhibition of cal- 
cification. The fact that nasal cartilage does 
not calcify in vitro under the test conditions, 
shows that a high content of chondroitin 
sulfate or its mucoprotein is not a sufficient 
condition to cause calcification. 


Summary. 1. Luteocobalti chloride inhib- 
its calcification im vitro when tibial sections 
are exposed to its action, either prior to their 
exposure to the calcifying solution, or con- 
comitant therewith. The inhibition is an- 
tagonized by calcium ions. 2. That the luteo- 
cobalti cation deposits on the surface of the 
epiphyseal plate can be seen because of its 
color. This deposit is prevented by calcium 
ions. 3. The capacity of tibial sections to 
bind luteocobalti chloride is destroyed by 
their preliminary exposure to trypsin. 
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Absorption in Dogs Following Exclusion of Bile and Pancreatic Juice Using 
I'*! Labeled Fat. (22147) 


Marius H. Wetts,* W. W. SHINGLETON, AND AARON P. SANDERS. 
(Introduced by Ivan W. Brown, Jr.) 


Departments of Surgery and Radiology, Duke University School of Medicine, Durham, N. C. 


For the past year this laboratory has util- 
ized I’*! Jabeled proteint (albumin) and fatt 
(glycerol trioleate) in studying absorption 
and digestion in various disease states, i.e. 
pancreatic disorders, ulcerative colitis, small 
intestinal disorders such as sprue and Whip- 
ple’s disease, and in post gastrectomy patients. 
In comparative studies using radioactive iodin- 
ated serum albumin and radioactive iodinated 
glycerol trioleate in dogs subjected to total 
pancreatectomy, there was a greater abnor- 
mality in digestion and absorption of the 
radioactive fat than in digestion and absorp- 
tion of I7*! labeled albumin as measured by 
percentage of radioactivity found in blood 
following the test meal containing these sub- 
stances(1). 

The present study was done to further 
evaluate the effect of exclusion of bile and 
pancreatic juice on the pattern of fat diges- 
tion and absorption by use of a fat test meal 
containing I'* labeled glycerol trioleate. 

Materials and methods. Two types of fat 
meal were prepared, each identical except 
that one was emulsified in a Waring blender 
and contained 2-3 ml of polyoxyethylene sor- 
bitan mono-oleate (Tween 80). The con- 
stituents of the meal were: 14 ml of peanut 
oilt/kg body weight of the animal, 10 pc of 


* Post Doctorate Fellow, National Cancer Institute. 
Presently Department of Surgery, Medical College of 
S. Carolina and Roper Hospital, Charleston, S. C. 

+ Obtained from Abbott Laboratories, Chicago, 
under A.E.C. authorization. 

+ Obtained from Planters Nut and Chocolate Co., 
Wilkes-Barre, Pa. 


I'*' Jabeled glycerol trioleate, the total mixed 
with equal volume of water. For 3 days prior 
to the test meal the animals were given .99 
g tablet of potassium iodide daily to satur- 
ate the thyroid with iodine. All animals were 
fasted for 12 hours prior to the test. A rub- 
ber Levine tube was passed into the stomach 
of the unanesthetized animal and the test 
meal given via the stomach tube. 2 ml of 
venous blood was then drawn at 1, 2, 3, 4, 5, 
and 6 hours following the test meal into the 
stomach. Each sample of blood was then as- 
saved for radioactivity in a calibrated sodium 
iodide thallium activated scintillation crystal 
well counter. Using measured radioactivity 
of the 2 ml sample and the calculated blood 
volume of animal (assumed to be 7.5% of 
body weight), the total radioactive content of 
blood was calculated and expressed as per- 
centage of total ingested radio-iodine. From 
these data a curve was constructed showing 
the relationship of radioactivity in blood as a 
function of time. To establish a “normal” 
pattern of radioactivity of blood following a 
fat meal of peanut oil containing I" labeled 
glycerol trioleate, 39 tests were done on 24 
normal dogs. In 29 of these tests peanut oil 
and glycerol trioleate constituting the test 
meal were emulsified. Ten additional tests 
were done on 10 dogs in which the constitu- 
ents were not emulsified. Ten dogs were then 
subjected to total pancreatectomy under so- 
dium amytal anesthesia, following which they 
were given a diet as suggested by Markowitz 
(2) with daily injection of insulin. Two- 
three weeks following operation these animals 
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of blood isotope percent in 10 normal and 10 bile 
duct occluded dogs using an I'*' labeled unemulsi- 
fied fat test meal. 


were tested with the peanut oil and [*' la- 
beled trioleate emulsified meal. Fourteen ad- 
ditional dogs had ligation of their common 
bile duct and two weeks later were tested with 
the emulsified fat meal. Ten of these duct 
ligated animals were tested a week later with 
the unemulsified fat preparation. 


Results. The results revealed no statistical 
difference between normal dogs and dogs with 
bile exclusion tested with I**' labeled un- 
emulsified fat (Fig. 1). Likewise, there was 
no significant difference between normal and 
bile duct occluded dogs tested with I'! la- 
beled emulsified fat (Fig. 2). There was, 
however, a striking difference in radioisotope 
blood level in normal and in pancreatecto- 
mized dogs tested with I"! labeled emulsified 
fate cease 
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FIG. 2. Graph showing comparison in mean curve 

of blood isotope percent in 14 normal, 14 bile duct 

occluded, and 10 pancreatectomized dogs, all tested 
with an I! labeled emulsified fat test meal. 


INTESTINAL ABSORPTION [??! LABELED FAT 


Previous studies, using different technics |}. 
have indicated that bile is quantitatively con- |” 
cerned in the digestion and absorption of fat | 
(3-5) and that exclusion of bile reportedly | 
results in decreased fat absorption(6). Fur- | 
ther, previous studies have indicated that ex- | 
clusion of pancreatic secretion produces a | 
more marked alteration of fat digestion and | 
absorption. Several investigators have used 
an iodized fat in studying fat digestion(7-10). | 
Earlier studies(11-13) showed that although 
an iodized fat is unnatural, its digestion, ab- | 
sorption and metabolic fate closely followed | 
that of neutral fat after oral administration. 
The glycerol trioleate used in the present 
study is a long chain, predominantly satur- | 
ated fat. The peanut oil is a mixture consist- 
ing of mainly unsaturated fatty acids of high 
iodine index. From a chemical standpoint | 
the bond between the I'*! and the fat mole- 
cule theoretically is a firm one. Although the 
exact nature of fat digestion and absorption is 
not known, one theory holds that when a fat, 
as used in this study, enters the normal gut, 
hydrolysis of the fat molecule occurs, yielding 
glycerol and fatty acids, to which the I'*! re- 
mains bound. Glycerol and fatty acids sup- 
posedly then re-unite in the wall of the gut to 
form again a fat molecule before entrance into 
the lacteals. Studies in this laboratory, to be 
reported elsewhere, show that undigested por- 
tion of administered fat passes in the stool, 
carrying with it the equivalent proportion of 
bound I['*'. Furthermore, pancreatectomy 
had no influence on rate of absorption of ionic | 
18! but has a profound influence on the rate jf} 
of entrance of I'*! into blood when it is. 
chemically bound to the fat molecule. 


The present study indicates that addition 
of an emulsifier produced little or no effect on 
fat digestion and absorption in the normal 
animal. Exclusion of bile made little differ- 
ence in rate and in total amount of radioac- 
tive labeled fat entering the blood during the 
6-hour period of the test, whether the fat was 
emulsified or unemulsified. On the other 
hand, exclusion of pancreatic juice caused a 
marked depression in the amount of radio- 
active labeled emulsified fat which entered 
the blood during the test period. 


EXPERIMENTAL Hypro-UTer1 


Summary. Using a fat test meal contain- 


_ ing a radioactive labeled fat, a study has been 
carried, out in dogs to assess the rate and to- 


tal amount of radioactive labeled fat entering 


| the blood in normal dogs and in dogs with 
| exclusion of bile and pancreatic juice during a 


6-hour period after administration of the 
meal. These studies indicate that bile plays 
a minor role and pancreatic juice a major role 
in fat digestion and absorption. This study 
suggests the use of a similar test for clinical 
use in evaluating pancreatic function in sus- 
pected pancreatic disease. 
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Experimental Hydro-uteri (Hydrometra) in Rodents and Some Factors 
Determining Their Formation.* (22148) 


F. Hompurcer, M. S. GrossMAN, AND A. TREGIER. 
Cancer Research and Cancer Control Unit, Tufts University School of Medicine, Boston, and the 
Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Me. 


In mice of the English Silver Strain, and 
occasionally in other strains there occurs a 
condition of imperforate vagina which leads 
to a marked distention of uteri with accumu- 
lation of fluid up to 15 ml or more per mouse. 
Yet normal function of the uterus is pre- 
served, since such animals become pregnant 
if the membrane occluding the vagina is re- 
moved(1). Existence of huge hydro-uteri in 
the presence of imperforate vaginas suggested 
that simple ligation of the cervix in rodents 
might likewise induce formation of hydro- 
uteri. This new technic not only provides a 
large uterine receptacle for tumor transplants 
but also permits the collection of large 


* Aided by grants from Damon Runyon Memorial 
Fund for Cancer Research, New York, American 
Cancer Society, Inc. Mass. Division, and institutional 
grant of American Cancer Society, New York City. 


_M. S. Grossman is a medical student, Washington U., 


St. Louis, Mo. 


amounts of uterine secretions in small ani- 
mals. 

This paper reports studies on production of 
hydro-uteri in mice, rats and hamsters and 
on hormonal and other factors which play a 
role in development of experimental hydro- 
uterus. 

Methods. ‘The cervix of the uterus was li- 
gated under nembutal anesthesia through a 
supra-pubic incision in 456 mice, in a smaller 
number of rats (Wistar) and Syrian ham- 
sters. The variables for this study of effects 
on development of hydro-uteri were strain of 
mouse, endocrine status and time elapsing be- 
tween uterine cervix ligation and autopsy. 
The strains of mice and types of animals used 
are shown in Tables I and IJ. Eighty-four 
mature white Swiss mice, 40 DBA/1 and 40 
C57BL/10J mice were castrated and their 
cervices ligated (Table I). Forty-seven im- 
mature intact white Swiss mice underwent 
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TABLE I. Hydro-uterus Formation in Immature and in Castrated Animals. 
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No. of Duration of ; 
animals Strain Age,mo ligation (D) % hy dro-uteri 
Intact immature 47 Wh. Sw. %-1 13-28 21 
animals Tufts 
Castrated mature 44 Wh. Sw. 3-8 15-60 40 
animals Tufts 
Testos- 
Castrate terone Hstradiol 
control (.6mg) (12 y) 
Castrated mature 40 Wh. Sw. 2% 21 0 0 30 
ammals Oi RJB stock 
40 DBA/1 2% 21 0 0 20 
Og RJB stock 
40 C57BL/105 21% 21 0 0 20 
Og 
*In each category. 
TABLE II. Hydro-uterus Formation in Intact Mature Animals. 
No. of Duration of % , 
animals Strain Age (mo) ligation (D) hydro-uteri 
Mice 163  Wh.Sw. 3-12 21-180 33—-(66) 
Tufts 
51 BBFI 3— 7 21-190 59—(90) 
12 C57BR/a 6 24 33 
35 Wh. Sw. 2% 22 20 
RBJ stock 
42 C57BL/H-2d 21% 42 29 
26 DBA/I 3 30 35 
RBJ stock 
Rats 10 Wistar rats + 22 30 
Hamsters il Golden Nugget 2 35 Positive 


cervical ligation. One to 2 weeks later, cas- 
trates received injections subcutaneously as 
follows: controls, 0.5 ml sesame oil; estrogen 
treated animals, 1 y estradiol daily; testoster- 
one treated animals, 0.1 mg testosterone pro- 
pionate every other day for 12 days. Twelve 
days later these animals were sacrificed. The 
effect of length of time after ligation of the 
cervix was studied in mature intact animals 
by performing exploratory laparotomies at 
varying intervals (up to 12 months) after 
cervical ligation. At the end of the experi- 
ments the animals were sacrificed and _his- 
tological studies made of the uteri. The fluid 
which accumulated in the uteri was harvested 
and analyzed' for the following constituents 
by the indicated methods: for proteins(2), 


+ We are indebted to Drs. W. H. Fishman and J. 
Nisselbaum for these analyses. 


carbohydrates(3,4), hexosamine(5) and hex- 
uronic acid content(6). Bacteriological and |f} 
cytological studies were also carried out. For |ff 
purposes of comparison fluid from the hydro- | 
uterus of a white Swiss mouse with imper- 
forate vagina, ascitic fluid from Ehrlich’s 
ascites tumor growing in white Swiss mice and 
from a foreign body ascites provoked by intra- | 
peritoneal injection of Walker (rat) Sarcoma 
cells into the abdomen of mice was similarly 
analyzed. 

Results. The data obtained are sum- 
marized in Tables I, II and III. 

Hydro-uterus formation in intact mature } 
animals. In Table Il approximately one- | 
third of all animals which had undergone li- 
gation of their uterine cervix developed dis- 
tended uterine horns containing at least 0.5 | 
ml of fluid 21 days after ligation. It is not 
clear why the remaining two-thirds of these 
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TABLE III. Chemical Composition of Various Hydro-Uterine and Agcitic Fluids. 
ea_0aja$=»#=$="—0_0—0—0—0S$@$™@O“8$9—_SRannODnanas— 


Protein content (2) 


Carbohydrates in the phosphotungstate 
precipitate 


(mg/ml) Carbohydrate content Hexo- Hexuronie 
' Ppt'dby (3,4) (mg/ml) ex-  samine(5) acid (6) 
‘ é Ppt'dby phospho- pressedashalfman- content content 
Fluid pools studied HClO, tungstate nose, half galactose (mg/ml) (ng/ml) 
HF* from WSM No.4 __ trace 12.2 aS 25 15-25 
7 mo after uterine 
ligation 
HF from WSM No. 4 trace 5.2 1.6 fh tl 4-5 
11 mo after uterine 
ligation 
HF from mouse with 30.0 33.5 2.8 3.6 
imperforate vagina (approx. values; total 
ls 68.5 mg/ml) 
AF from Ehrlich Ascites 52.2 2.9 24 12 0 
tumor 
AF from ¢ WSM with 34.2 15 13 6 sly 


Walker tumor abdom. 


* HF — Hydrouterine fluid; WSM — White Swiss. mouse; AK = Ascitic fluid. 


animals fail to accumulate fluid in distended 
horns and show reasonably normal uterine 
horns in spite of cervical ligation. The pos- 
sibility that this is merely a result of chance 
variations in the surgical technic can not be 
ruled out. Simultaneous ligation of the 2 
oviducts in 136 mice and 7 rats did not in- 
crease significantly the frequency of hydro- 
uteri. The most important single factor fa- 
voring development of hydro-uteri is time, 
since in 2 groups of 12 animals, studied for 6 
months, from 66 to 90% showed large hydro- 
uteri (Fig. 1). Fluid continued to accumu- 
late rapidly in spite of periodic emptying of 
the hydro-uterus by aspiration of the fluid by 
needle puncture. 

The tendency to formation of hydro- 
uterus following cervical ligation is not clearly 
determined by genetic factors since non-in- 
bred white Swiss mice (Tufts), inbred white 
Swiss mice (Jackson, C57Br/a, C57BL/H-2d 
and DBA/1 mice all behaved essentially in 
the same way. It appears, however, that the 
BBFI mice tend to have a greater incidence 
of hydro-uteri under otherwise similar experi- 
mental conditions. Ligation of the cervices 
of rats produced the same results as in mice. 
A hydro-uterus was also obtained in a ham- 
ster. 

Chemical analysis of various hydro-uterine 
fluids yielded results shown in Table III. It 
appears that the protein content (precipitated 


by HClO,) of hydrouterine fluid in experi- 
mental hydro-uteri is considerably lower than 
that in ascites fluids and that the mucopoly- 
saccharide content as reflected by the phos- 
photungstate precipitable proteins and carbo- 
hydrates of the phosphotungstate precipitate 
is higher. In fluid collecting in the uterus 
with imperforate vagina the protein content 
is higher than in ascites fluid. Bacteriological 
studies showed that all fluids studied were 
sterile. 


Studies on the effects of hormonal factors 
are shown in Table II. Within the same 
period of time immature white Swiss mice 
showed the same incidence of hydro-uteri as 
mature intact animals. Castrated white Swiss 
mice observed for the same length of time (21 
days) had no hydro-uteri, but after 60 days 
formed as many or more hydro-uteri as did 
intact controls (Tables I and IT). 


In other strains of mice, namely in inbred 
white Swiss mice, DBA/1 and C57BL/10J 
mice, castration prevented formation of hy- 
dro-uteri but they formed again when estradiol 
was given. However, it was found that if 
the castrated, untreated animals were again 
examined 2 or 3 months after ligation, many 
had formed hydro-uteri. Castration merely 
slows development of hydro-uteri but does 
not prevent it. Testosterone did not prevent 
or alter the retarding effect of castration, but 
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ss mouse, 9 mo of age, 8 mo 
ervix. Compare size of hydrouterus with that of non- 
ligated horn, Left center: Microphotograph of hydrouterus in normal control animal, 21 days 
after ligation. Left bottom: Microphotograph of hydrouterus in estrogen treated castrate, 21 
days after ligation (same magnification). Right bottom: Microphotograph of hydrouterus in 
testosterone treated animal, 21 days after ligation (same magnification). 
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estradiol given to castrates restored the rate 
of formation of the hydro-uterus. 

Histological examination of uteri after 
cervical ligation showed that the wall of the 
uterus, the endometrium and the endometrial 
glands react normally to stimulation by estro- 
gens (Fig. 1). Testosterone produced atro- 
phy of the glandular elements of the uterus 
and edema of the uterine wall with rarifica- 
tion of its cellular elements (Fig. 1). In all 
instances studied histologically there was 
complete absence of any inflammatory reac- 
tion in the uterine wall. 

Discussion. Ligation of the cervix of mice, 
_ rats and hamsters leads to accumulation of a 
fluid in the uterus which can be harvested by 
uterine puncture and which keeps accumulat- 
ing after each consecutive tap. As much as 
100 ml of hydro-uterine fluid has been ob- 
tained from a single mouse during a year’s 
time . The hydro-uteri provide an ideal site 
for tumor growth(7). 

Endocrine imbalance produced by castra- 
tion retards formation of hydro-uteri but does 
not prevent it, and administration of estrogen 
restores the rate of accumulation of intra- 
uterine fluid to normal. In immature mice 
the incidence of formation of hydro-uteri is re- 
duced to about one-half of that seen in nor- 
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mal mature animals of the same strain. 

Characteristics of hydrouterine fluid are 
different from those found in ascitic fluid, 
since the protein content is low and carbohy- 
drate is high. This feature of hydrouterine 
fluid is compatible with the characteristics 
one would expect from a collection of endo- 
metrial secretions. If the collecting fluid is 
allowed to accumulate for several months, the 
relative proportions of its main components 
do not change but their concentrations are 
lowered, indicating some dilution taking place 
with time. It is believed that the experi- 
mental production of hydro-uteri in rodents 
constitutes a new method for the collection of 
endometrial secretions. 
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Estimation of Bromide on Fingertip Blood in Bromide Intoxication. (22149) 


SAMUEL NATELSON AND M. KEATH CLARK. 
Biochemistry Laboratories, Rockford Memorial Hospital, Rockford, Ill. 


On several occasions it has been necessary 
to follow bromide levels of serum of small in- 
fants after bromide administration either 
therapeutically or accidentally. The method 
usually employed (bromide as gold bromide) 
requires amounts of serum greater than is 
conveniently obtainable from capillary blood. 
This paper describes a procedure practical for 
fingertip blood. The gold bromide procedure 
is used except that readings are taken in 
ultraviolet where a higher absorption peak 
exists for gold bromide. 


Method: Reagents and materials. The 


contents of a one g vial of gold chloride 
(AuCl; * HCl * 3H:O) 0.25%, is washed into 
distilled water and made up to 400 ml. 
Trichloracetic Acid: 20 g is made up to 100 
ml with distilled water. Carbon Tetrachlor- 
ide: Analytical reagent grade. Bromide 
Standard (100 mg/100 ml): 641 mg of sod- 
ium bromide (dried overnight in vacuum 
desiccator) is made up to 500 ml with dis- 
tilled water. Screw Cap Tubes: Kimble 
#45066, 16 x 125 mm, fitted with screw caps, 
teflon lined, are rinsed with dilute nitric acid, 
distilled water, and dried. 
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Bromine as Gold Bromide 
in aqueous medium 


ABSORPTIVITY (a) 


300 350 400 ve fen 450 500 
ms 


FIG. 1. Absorption spectrum of gold bromide in 
trichloracetie acid, under conditions of the pro- 
cedure described. Beckman spectrophotometer. 


Procedure: Add 0.2 ml distilled water to 
screw cap tube. Wash in 0.05 ml of unknown 
serum. Add 1.3 ml of 20% trichloracetic 
acid, mix. Follow with 1 ml carbon tetra- 
chloride. Cap the tube and shake vigorously 
by hand or shaking machine for a few min- 
utes and centrifuge 5 minutes at 2000 r.p.m. 
in a #1 International centrifuge or its equiva- 
lent. Transfer 1 ml aliquot from top layer 
to the quartz cuvet (1.5 ml capacity, 1 cm 
light path)*. Add 0.2 ml of 0.25% gold 
chloride, mix and read on Beckman Spectro- 
photometer at 350, or 440 my if optical den- 
sity is greater than 0.8. For the standard, 
use 0.05 ml of standard instead of serum. For 
the blank, use 0.05 ml distilled water instead 
of serum. Calculations: Read bromide con- 
centration off standard curve. For clinical 
purposes the formula below will yield suf- 
ficiently accurate results: 


Absorbance of unknown 


x 100 = mg/100 ml bro- 


mide in unknown serum 
Results. Fig. 1 illustrates the absorption 


curve of gold bromide which exhibits a peak 
at 350 mp and at 440 my. The latter is the 
peak customarily employed(1,2). By read- 
ing in the ultraviolet an increase in sensitivity 
by a factor of approximately 6 is obtained. 
The concentration of gold affects the shape 
of the absorption spectrum. At higher gold 
‘concentrations the peak shifts toward the 
higher wave lengths. If the gold concentra- 


Absorbance of standard 


* Pyrocell Mfg. Co., N. Y. City. 
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tion is doubled the ultraviolet peak moves to }} 
355 mp. The peak at 440 mp is not affected 
by changes in gold concentration. 

Location of the lines in Fig. 2 were ob- | 
tained by applying the method of least. 
squares(3) to 6 determinations, at each level | 
shown, to find the line of best fit. It is to be. 
noted that both at 350 mp and at 440 my the 
lines do not go through the origin. Thus the ] 
method may not be used for normal serum | 
where concentrations are of the order of 0.1. 
mg bromide per 100 ml(4). 

A line may be drawn through the origin }j 
passing near the points. Thus the Beer- | 
Lambert law may be applied, approximately, |} 
when dealing with bromide intoxication, since | 
the toxic level is above 80 mg bromide/100 
ml serum(5). 

Gold chloride and bromide complex is ex- 
tractable into higher alcohols and ketones at 
strongly acid pH but not into other solvents 
such as chloroform, benzene or heptane. Fig. 
3 shows absorption spectrum of gold bromide 
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CONCENTRATION (mg/ 100 mi.) 


FIG. 2. Calibration curve plotting concentration 

vs. absorbance. Each point is the mean of 6 de- 

terminations. Position of line caleulated by meth- 

od of least squares. Concentration refers to con- 
centration of the serum. 
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extracted into octyl alcohol from a 10% sul- 
furic acid solution. Attempts to extract the 
bromide quantitatively, without first precipi- 
tating proteins, were not successful, and this 
method, then, had no advantage over the 
aqueous method for serum or plasma analysis. 
This procedure would find application when 
small amounts of bromide are present in 
large aqueous volumes, the volume of octyl 
alcohol layer is then limited to a small vol- 
ume. 

Filtrates with trichloracetic acid tend to be 
cloudy, occasionally. This is true especially 
when serum is first diluted with water before 
adding trichloracetic acid. This is avoided by 
adding carbon tetrachloride when precipitat- 
ing the proteins as described in the procedure. 

Table I shows recoveries of added bromide 
to a pooled sample of serum at different lev- 
els. High recoveries for the lower quantities 
are probably due to substances in the centri- 
fugate other than bromine reacting with the 
gold chloride. In the high range, disappear- 
ance of appreciable amounts of gold lowers 
recovery values. In these high ranges it is 


Bromine as Gold Bromide in n-Octanol 


80 
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ABSORPTIVITY (a) 


340 360 400 qe ao 480 520 
FIG. 3. Absorption spectrum of gold bromide ex- 
tracted from 10% sulfuric acid into n-octanol. 

Beckman spectrophotometer. 
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TABLE I. Recovery of Bromide Added to Serum. 


Wave 
length ug % 
(np) added ug found* recovery 
350 12.5 Seles e Sit 104 
i 25 26.0 += 2.3 104 
uf 50 51.2 + 4.4 102 
100 98.5 + 6.5 98.5 
440 25 26.1 + 3.4 104 
: 50 51.1 + 4.9 102 
100 iD) ae taes) oi 


* Six determinations at each level. 
t+ Mean + stand. dey. 


suggested that smaller amounts of serum 
(0.02 ml) be used. The results at 350 mp 
compare with those at 440 my, indicating that 
readings at 350 mu permit estimation of 
smaller quantities of bromide without loss in 
precision. When absorbance at 350 myp is 
higher than 0.800, then one may read at the 
less sensitive peak, 440 my. This permits a 
wide range of concentrations to be read with- 
out the need of repeating the analysis with 
smaller quantities. 

Summary. A procedure is described for 
bromide analysis in serum of patients with 
bromide intoxication which uses the ultra- 
violet absorption peak for gold bromide to 
increase sensitivity. This permits the analy- 
sis of serum or plasma, from fingertip blood, 
for bromide analysis. 
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Histamine Sensitivity of Adrenalectomized and Pertussis-Treated Mice. 


(22150) 


GERALDINE F. GAUTHIER, E>R. LoEw, AND H. J. JENKINS. 


Departments of Physiology, Massachusetts College of Pharmacy and Boston University School of 
Medicine, Boston. 


It has been established that mice, which 
are normally resistant to histamine, become 
highly sensitive after being injected with 
Hemophilus pertussis vaccine (see refs. in 
1-10). The mechanism by which this vaccine 
increases the sensitivity to histamine by 25 
or 100 times remains unknown, although sev- 
eral authors have suggested that diminished 
function of adrenal cortex and medulla may 
be involved since adrenalectomized mice are 
known to be sensitive to histamine (usually 
injected intraperitoneally) (10-14), and sensi- 
tivity is partially or completely lost after 
treatment with epinephrine and cortisone 
(5,14). It seemed pertinent to make a quan- 
titative study to determine the degree of hista- 
mine sensitivity which develops in mice fol- 
lowing treatment with pertussis-vaccine as 
compared directly with the sensitivity follow- 
ing adrenalectomy. The results of this study 
revealed that the sensitivity to histamine in- 
duced with pertussis vaccine could scarcely be 
related to altered function of the adrenal 
gland since adrenalectomized mice of the 
strain used were no more sensitive to intra- 
venous injections of histamine than normal 
mice, whereas pertussis treatment of intact 
mice enhanced sensitivity to histamine 33 
times. 

Methods. The general plan of the ex- 
periment was to determine concurrently 
the LD; 9 of histamine diphosphate in nor- 
mal, adrenalectomized and_pertussis-treated 
mice in order to make a direct comparison 
of histamine sensitivity in the 3 types of 
animals. Female albino mice of the Swiss- 
Webster strain (Taconic) weighing between 
15 and 27 g were obtained from a local 
source, and maintained before and after 
operation or vaccine injection on a diet of 
Purina Laboratory Chow. Bilateral adren- 
alectomies were conducted under light ether 
anesthesia and operated mice were provided 


with 0.9% saline until injected with histamine | 
the following day. All other mice were sup- 
plied with tap water ad lib. Hemophilus per- 
tussis vaccine supplied by the Massachusetts 
State Health Department contained 20 bil- 
lion Phase I organisms per ml and Merthio- 
late in concentration of 1:10,000. This was 
diluted with saline so that each 0.5 ml con- 
tained 8.75 billion organisms, this volume be- 
ing injected intraperitoneally in mice 4 days 
prior to histamine injection. Mice in control 
groups were intact and untreated at the time 
of histamine injection. Histamine diphos- 
phate solutions were prepared in normal 
saline, then several dilutions in saline were 
made to obtain concentrations which per- 
mitted injection of various doses (Table I) in 
constant volume of 0.01 ml per gram of 
mouse. Histamine solutions were refriger- 
ated and used within 48 hours of preparation. 
Injections of histamine were made into the 
tail vein during a period of 10 seconds, 4 
graded doses being injected into normal, 
adrenalectomized and pertussis-treated mice 
on each day of experimentation. Each dose 
of histamine was injected into 20 mice, with 
exceptions as indicated in Table I. 

Completeness of adrenalectomy was 
checked by providing a few mice from each 
operated group with 0.9% saline for 24 hr 
and tap water thereafter, incidence of mor- 
tality being recorded during 14 days. Some 
of these mice were fed the Purina Chow, oth- 
ers were fed oatmeal which has a lower sodium 
content. Histamine injections were made in 
adrenalectomized mice 24 hr after operation 
in order to minimize the possibility of growth 
of adrenal rests. Incidence of mortality was 
recorded as the number of mice dead per to- 
tal number injected for a given dosage level 
after 24 hours. LD59 values were computed 
according to the method. of Litchfield and 
Wilcoxon(15). 
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TABLE I. Acute Toxicity of Histamine Diphosphate in Normal, Adrentlectomized and Per- 
tussis-Treated Mice as a Measure of Histamine Sensitivity. 
i; SS OO OOOON__E_____ SS 


, Histamine LD;), mg/kg, I.V. 
diphosphate, -~—Mortality——_, (fiducial limits) 
Treatment of mice mg/kg, L.V. Ratio Jo 95% 
Normal (controls) = Si a 4/20 acta me 333 
350 9/20 45 (309-367) 
400 16/20 80 
550 16/16 100 
Adrenalectomized 150 0/ 6 0 315 
250 1/20 5 (284-350) 
300 12720 60 
350 13/20 65 
400 15/20 75 
Pertussis-treated 6 2/20 10 10 
8 8/20 40 (8.8-12.3) 
10 8/20 40 
14 14/20 70 


Results. Data presented in Table I reveal 
that pertussis-treated mice were 33 times 
more sensitive than normal mice to histamine 
injected intravenously, as indicated by LD; 
values of 10 and 333 mg/kg, respectively. 
However, the adrenalectomized mice were no 
more sensitive than normal mice to histamine 
injected intravenously, since the LD; values 
of 315 and 333 mg/kg, respectively, are al- 
most identical. 

Failure of adrenalectomized mice to exhibit 
sensitivity to histamine injected intravenously 
could not be due to incomplete adrenalectomy 
or growth of adrenal rests. A majority of the 
mice were considered to be completely adren- 
alectomized because: a. 63% of 71 adrenalec- 
tomized mice provided with Purina Chow and 
tap water died in 14 days; 94% of 16 
adrenalectomized mice died in 14 days when 
provided with tap water and oatmeal, the lat- 
ter having a lower sodium content than Pur- 
ina Chow. b. Histamine was purposely in- 
jected 24 hr after adrenalectomy, thus elim- 
inating the possibility of significant growth 
of adrenal rests. c. Furthermore, an experi- 
ment was made which confirmed the reports 
that adrenalectomized mice become sensitive 
to histamine injected intraperitoneally (10- 
14). Intraperitoneal injection of graded 
doses of histamine in 40 adrenalectomized 
mice revealed that they were 3 to 7 times as 
sensitive as normal mice. 

Discussion. The evidence presented clearly 
indicates that pertussis-treatment greatly in- 


creased sensitivity to histamine in the strain 
of mice used. It is clear that this strain of 
mice did not become sensitive to histamine in- 
jected intravenously after complete adrenal- 
ectomy. The failure of these adrenalecto- 
mized mice to exhibit sensitivity to histamine 
is not a unique finding since a CF-1 strain of 
mice was shown not to be sensitive after 
either injections of pertussis vaccine(10) or 
adrenalectomy(13). The important point in- 
dicated by the data herein presented is that 
the mice became sensitive to histamine after 
injection of pertussis vaccine, but not after 
adrenalectomy. This experiment therefore 
provides definite evidence that sensitivity to 
histamine which developed after treatment 
with pertussis vaccine cannot be ascribed to 
diminished function of the adrenal cortex 
and/or medulla, or to diminished action of 
hormones from the adrenal gland. 

Although several authors have suggested 
that histamine sensitivity induced by pertus- 
sis vaccine is due to an injurious action of the 
vaccine on the adrenal glands, there has been 
no direct evidence presented to support the 
belief. If pertussis vaccine diminished the 
function of the adrenal medulla and cortex in 
mice one would expect the animals to become 
susceptible to various forms of stress. How- 
ever, Kind(4) states that pertussis-treated 
mice did not become sensitive to injections of 
methacholine. Furthermore, the  suscepti- 
bility to severe hypoxia(6) was accompanied 
by liver glycogen values which were not in- 
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dicative of abnormal adrenal cortical func- 
tion. No evidence was presented to implicate 
abnormal adrenal function as the cause of 
hypoglycemia which developed in pertussis- 
vaccine treated mice(2). Other evidence ex- 
ists which suggests the possibility that per- 
tussis vaccine causes dysfunction of the 
adrenal glands. The sensitivity to histamine 
(injected I.P.) in pertussis-treated and adren- 
alectomized mice is partially or completely 
restored by proper treatment with cortisone 
(5) or a combination of cortisone and epine- 
phrine(14). Nevertheless, the effects of these 
substances may be pharmacological in nature 
rather than specific physiological effects of re- 
placement therapy after adrenal inactivation. 

The authors are not aware of published 
data which prove that pertussis-vaccine alters 
the adrenal cortex as indicated by cholesterol 
content, ascorbic acid depletion, or other tests 
of adrenal function. 

Summary. In a Swiss-Webster strain of 
mice, pertussis vaccine treatment increased 
the sensitivity to intravenously injected his- 
tamine 33 times, whereas surgical adrenalec- 
tomy had no significant effect on sensitivity to 
histamine. This finding, in addition to lack 
of direct evidence to the contrary, warrants 
the conclusion that Hemophilus pertussis vac- 
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cine enhances sensitivity of mice to histamine 
through some mechanism other than impair- 
ment of adrenal function. 
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Data have been presented to demonstrate 
that N, N’, N’’ triethylenephosphoramide 
(TEPA) reduced food efficiency and growth 
of normal as well as tumor tissue in tumor- 
bearing rats(1). Given an optimum dosage 
and a susceptible tumor, however, reduction 
in growth of the tumor was greater than re- 
duction in weight of normal tissues(2). These 
data also demonstrated that a high protein 


* Some of these results were read before the Am. 
Chem. Soc. Meeting in New York, Sept. 1954. These 
studies were supported by an Institutional Grant 
from the American Cancer Society. 


diet, or a low casein diet supplemented with 
methionine, reduced the depleting effect of 
TEPA on normal tissue without altering the 
deleterious effect on the tumor(1,2). Other 
experiments have demonstrated that supple- 
menting a low casein diet with a mixture of 
methionine and guanidoacetic acid or methi- 
onine and glycine resulted in increased protec- 
tion of normal tissues to the depleting effects 
of the tumor(3). Further work has been 
done to determine the effect of these mixed 
supplementations upon chemotherapy of 
TEPA in tumor-bearing rats. 


| 
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TABLE I. Effect of Various Supplementations in Diet Containing 12%-Casein upon TEPA 


Therapy (1 mg/Day/kg Body Wt). 


Food efficiencies were calculated as grams gain in body wt 


(tumor wt subtracted) per 100 g of food intake. 
Ss0Ooaea@=@m—waepaon9nao7T]T+9YwTDSSSSSSSSSSSSSSSS 


Diet 


Food 
efficiency 


Tumor 
wt, g 


Gain in body 
wt/tumor 


Avg data using 10 animals/group 


Casein 12% (no TEPA) 8.6 SOaT 141+ .26* 

Casein 12% + TEPA 4] 10.9 1975 3 
+ glycine (Gl) + TEPA 44 9.7 2.29 + 24 

+ alanine (Al) + TEPA 4,2 10.7 2.02 + .44 

+ NH, citrate (NH,) + TEPA 4.2 8.4 1.50 + .86 

+ methionine (M) + TEPA 5.4 8.4 3.244 .67 
+M-+NH,+ TEPA 4.0 8.2 2.76+ .80 

--M + Al -+ THPA 5.7 13.3 3.00 + .50 

JE ME SEEN Sa OTHE N 5.4 7.2 3.61 + .30 

+ M + guanidoacetie acid + TEPA 8.1 Wey 5.64 + 1.22 

Casein 12% + TEPA 4.2 6.9 195+ .67 
+ M+ TEPA 5.9 5.4 So 96 

+ M+ NH,+ TEPA 6.2 al 3.374 .95 

-- M+ Gl+ THEPA 6.0 fel 3.15 + .98 

+ M + casein 1.5% + TEPA 6.1 75 3.04 .78 

+ M + guanidoacetic acid + TEPA 9.6 4.6 6.57 + 1.12 

Avg data using 58 animals/group 

Casein 12% + TEPA 4.0 flesh 247+ .59 
+M + TEPA 7.9 7.3 AUNT eye! 

5.5 7.62 + 1.00 


+ M + guanidoacetic acid + TEPA 


10.31 


* Stand. error. 


Methods. Transplanting the sarcoma in 
the rat and measuring growth of the tumor 
have been described previously(1). The tu- 
mor developed most rapidly in rats fed a 
semi-synthetic diet containing 12% casein, a 
diet that has been reported in detail(1). The 
effect of various types of supplementation of 
the diet on growth of the body and the sar- 
coma in the presence of TEPA is reported in 
this paper. These supplements were 0.67% 
DL methionine and 0.67% DL methionine 
plus 0.67% guanidoacetic acid. These per- 
centages and mixtures had been demonstrated 
to be optimum for growth of normal tissue in 
tumor-bearing rats(3,4) and for growth in 
weanling rats(5) fed 12% casein diet. Gly- 
cine (1.28%), alanine (1.53%), ammonium 
citrate (1.95%) and casein (1.5%) which 
contain nitrogen in amounts equivalent to 
that found in guanidoacetic acid (0.67%) 
were studied also as single supplements and 
combined with methionine. Food efficiencies 
were calculated as grams gained in body 
weight (tumor weight subtracted) per 100 g 
of food intake. TEPA was injected intra- 
peritoneally as 1 mg/day/kg of body weight 
after tumor had reached approximately one g 


in weight and was well established. Ten rats 
were used to determine the effect of each sup- 
plement on TEPA therapy. 

Results. Data recorded in Table I illus- 
trate food efficiencies, tumor weights and A 
body weight/tumor ratios approximately 3 
weeks after transplantation of the sarcoma. 
The rate of increase in body with respect to 
the tumor is taken as one measure of the ef- 
fect of the tumor on the body. At the end of 
3 weeks the tumor had reached lethal propor- 
tions (36.7 g) in rats not given TEPA. The 
A body/tumor ratio was low (1.41) indicat- 
ing a depleted body. The TEPA therapy 
(1 mg/day/kg body weight) was started in 
other groups of rats after the tumor had 
reached about one g in size and was well es- 
tablished. This therapy reduced growth of 
tumor to 10.9 g in rats fed 12% casein diet 
over this 3-week period but also reduced food 
efficiency and growth of the body of the ani- 
mal. Supplementing the 12% casein diet 
with glycine, alanine or ammonium citrate 
did not alter results significantly. Supple- 
menting with methionine, however, did in- 
crease food efficiency and rate of growth of 
the body with respect to the tumor in the 


12% casein; gs + methionine (M); 
IN + M + glycine; (i) + M + alanine; 
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FIG. 1. Effect of different diets on excretion of 

urea nitrogen in sarcoma-bearing rats. All values 

start from base. TEPA therapy was instituted at 
time indicated by arrow. 


presence of TEPA. Supplementing with 
methionine plus guanidoacetic acid increased 
food efficiency and rate of growth of the body 
still further. Adding an equivalent amount 
of nitrogen to guanidoacetic acid in the form 
of glycine, alanine, ammonium citrate or 
casein with the methionine did not have the 
marked effect noted with guanidoacetic acid, 
results which suggest a specific role for this 
acid. 


The possibility that supplementation with 
a mixture of methionine and guanidoacetic 
acid could reduce catabolic activity of tissue 
proteins was suggested. The white bars in 
Fig. 1 record excretion of urea nitrogen in 
tumor-bearing rats fed 12% casein, data that 
illustrate the high excretion of urea nitrogen 
associated with a nutritionally malignant tu- 
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A) 
mor. The black bars illustrate reduction in} 
excretion of urea nitrogen in rats fed the} 
casein diet supplemented with methionine. }} 
The bars with slanted lines record excretion} 
in the presence of methionine plus glycine} 
while bars with vertical lines record excretion) 
of urea nitrogen in the presence of methionine |} 
plus alanine. Adding glycine or alanine in- }} 
creased excretion of urea, probably reflecting }} 
the catabolism of these amino acids. The | 
bars with crossed lines illustrate excretion of | 
urea nitrogen in tumor-bearing animals fed }} 
the casein diet supplemented with both'}} 
methionine and guanidoacetic acid. 
methionine plus guanidoacetic acid reduced |} 
excretion of urea nitrogen markedly during }} 
TEPA therapy, a reduction that may be cor- 
related with better gain in body weight. These 
results emphasize the importance of combin- |f} 
ing nutritional therapy with chemotherapy. 

Summary. Data have been presented to 
demonstrate that TEPA reduced food ef- 
ficiency and growth of body weight as well as 
tumor weight in sarcoma-bearing rats fed a 
12% casein diet. Supplementing with 
methionine and guanidoacetic acid increased 
food efficiency and growth of the body with- 
out increasing the growth of the tumor. This 
increase in growth of the body is correlated 
with reduction in excretion of urea. 
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